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Anita BIESIADA', Agnieszka NAWIRSKA?,
Alicja KUCHARSKA? and Anna SOKOL-EETOWSKA?

CHEMICAL COMPOSITION OF PUMPKIN FRUIT
DEPENDING ON CULTIVAR AND STORAGE

SKEAD CHEMICZNY OWOCOW DYNI
W ZALEZNOSCI OD ODMIANY I PRZECHOWYWANIA

Abstract: The investigation carried out in the years 2006-2008 aimed at the assessment of pumpkin fruit of
12 cultivars belonging to Cucurbita maxima (‘Amazonka’, ‘Ambar’, ‘Bambino’, ‘Karowita’, ‘Melonowa
Zolta’, “Uchiki Kuri’) and Cucurbita pepo (‘Danka Polka’, ‘Miranda’, ‘Junona’, ‘Pyza’ and ‘Warszawska
Makaronowa’, as well as ‘Jet” F;). The evaluation involved the content of carotenoids, vitamin C, starch,
polyphenols, soluble solids, dry matter, total and reducing sugars, as well as nitrates and macroelements (P, K,
Mg, Ca) in pumpkin fruit immediately after harvest and after 90-day storage in gravity storehouse. Pumpkin
was cultivated from transplants planted to a destination site in the second decade of May.

Mature pumpkin fruits were harvested in the second week of September. Cultivars of Cucurbita maxima
featured higher content of carotenoids, vitamin C, starch, soluble solids, dry matter, total and reducing sugars
than those belonging to Cucurbita pepo. The highest content of carotenoids was recorded in ‘Amazonka’
(18.40 mg - 100 g ' f.m.) and ‘Ambar’ (15.49 mg - 100 g ' f.m.) cvs. The richest source of starch proved to be
fruits of ‘Ambar’ (61.5 mg - 100 g' fim.), ‘Amazonka’(31.3 mg - 100 g' f.m.) and ‘Uchiki Kuri’ (20.95
mg - 100 g fm.) cvs. Different levels of total phenolics in pumpkin fruit of all estimated cultivars were less
visible as far as carotenoids, vitamin C and starch contents were concerned. After 90 days of storage contents
of carotenoids, vitamin C, starch, total and reducing sugars, dry matter and nitrates as well as pH value
decreased, while the level of potassium, phosphorus, magnesium and calcium increased. There was not
observed significant decrease in total phenolics content in fruits of C. maxima and C. pepo after storage.

Keywords: pumpkin species, cultivars, storage, chemical composition of pumpkin fruit

Pumpkin fruit is a rich source of valuable nutrient components, such as carotenoids,
potassium, vitamins C, B,, and E, characterizes low energetic content and high amount
of fiber [1, 2], which allows to produce different foods for adults and infants (as
a component of purees, jellies, jams, juices).

! Department of Horticulture, Wroclaw University of Environmental and Life Sciences, pl. Grunwaldzki
24a, 50-363 Wroctaw, Poland, phone: +48 71 320 1716, email: anita.biesiada@up.wroc.pl

? Department of Fruit Vegetables and Cereals Technology, Wroclaw University of Environmental and Life
Sciences, ul. C.K. Norwida 25, 50-375 Wroctaw, Poland, phone: +48 71 320 77 12, email: agniesz-
ka.nawirska@up.wroc.pl
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Carotenoids derived from pumpkin fruit can be used as natural food colorant
[3]. Pumpkin fruit is a crop with good preservation capacity but regarding good
quality of product pumpkins generally cannot be stored beyond 90 days, even in
ideal storage conditions [4, 5]. In Poland there are grown two species of pumpkin
Cucurbita maxima and Cucurbita pepo. Among botanical varieties of C. pepo the
most popular are zucchini and pattypan squash type cultivated for immature fruit
crop, whereas the production of cultivars for fully mature fruit crop is less popular in
Poland.

The purpose of the research conducted in the years 20062008 was the assessment of
fruit quality of 12 pumpkin cultivars classified to two species — C. maxima and C. pepo
directly after their harvesting and after storage.

Materials and methods

Three-year field experiment was carried out in the Experimental Station of Wroclaw
University of Environmental and Life Sciences on fine clay soil containing 1.8 % of
organic matter, of pH = 7.15 and high content of phosphorus (90-125 mg - dm™)
potassium (220-240 mg - dm’3) and magnesium (80-100 mg - dm™).

The experiment was established as two-factors pattern, in four replications. The plot
area was 6.0 m? (3.0 x 2.0 m). There were estimated different cultivars of Cucurbita
maxima (‘Amazonka’, ‘Ambar’, ‘Bambino’, ‘Karowita’, ‘Melonowa Zolta’ and ‘Uchiki
Kuri’) and Cucurbita pepo (‘Danka Polka’, ‘Jet’ F;, ‘Junona’ ‘Miranda’, ‘Pyza’ and
‘Makaronowa Warszawska’) cultivated from transplants. Ammonium nitrate was used
in dose of 200 kg N - ha™' as a broadcast (100 kg N - ha™') and top dressing (100 kg
N - ha™') application. Seed were sown in the second week of April to multicells filled
with peat substrate (126 cm® per one cell). Transplants were planted to the field in
spacing 1.5 x 1 m in the second week of May.

Crop management was conducted according to commonly accepted standards for
these species. Harvest took place in the second week of September.

At harvest 3 fruits per plot were sampled for chemical analysis, the rest of the crop
was kept in storage house with gravity ventilation at the temperature of 10 °C and RH
75 %. After 90 days of storage fruit samples were collected in the same amounts. They
were prepared by cutting pumpkin fruit, removing the placenta and seeds, milling the
flesh with blender. Immediately after harvesting and at the end of storage there were
assayed the contents of vitamin C (Tillman’s method), total carotenoids [6], total and
reducing sugars (by Lane-Eynon method), soluble solids in degree of Brix scale using
refractometer (ATAGO-POCTEL), as well as dry matter by drying to constant weight at
105 °C. Nitrates were determined using an ion-selective electrode. The content of total
phenolic compounds was determined according to Folin-Ciocalteu method [7]. The
contents of macroelements: phosphorus, potassium, magnesium and calcium were
assayed due to Nowosielski method [8].

The data collected from 3 years were subjected to analysis of variance and mean
values were separated by the Tuckey’s test at p = 0.05.
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Results and discussion

Fruits of C. maxima contained over three to five times higher level of total
carotenoids and vitamin C than cultivars of C. pepo (Table 1). Among tested cultivars
belonging to C. maxima species the highest content of carotenoids was detected in
‘Amazonka’ (18.40 mg - 100 g_1 f.m.) and ‘Ambar’ (15.49 mg - 100 g_1 f.m.), while the
lowest one in ‘Melonowa Zolta’ (4.14 mg - 100 g_1 f.m.). The highest carotenoids
content in ‘Amazonka’ was also reported by Sztangret et al [9], Gajc-Wolska et al [10],
Pauluskiene et al [11] and Kahkonen et al [12]. Fruit of ‘Amazonka’ and ‘Ambar’ were
the richest source of vitamin C (34.97 and 42.48 mg - 100 g_1 f.m., respectively) among
tested cultivars. Low quantity of this vitamin was observed in fruit of ‘Miranda’ and
‘Junona’ cvs. The richest source of starch were fruits of ‘Ambar’, ‘Amazonka’ and
‘Uchiki Kuri’ cvs and the lowest — fruits of ‘Pyza’ and ‘Warszawska Makaronowa’ cvs.
Differences in the level of total phenolic compounds in pumpkin fruit regarding all
estimated cultivars were less visible than in the case of carotenoids, vitamin C and
starch contents. The amount of total phenolics varied widely in edible plant material and
in cereals it proved to be the lowest one (0.2—1.3 mg - g’1 GAE d.m.), berries contained
relatively high amounts of phenolics (12.4-50.8 mg - g’1 GAE d.m.) and in vegetables
its level ranged from 0.4 to 6.6 mg - g’1 GAE d.m. [12]. According to Vinson et al [13],
in the group of 22 analyzed vegetables beans, beet, corn and broccoli showed the
highest total phenolics content per fresh mass. Similar content of phenolics, comparable
with that of pumpkin, was assayed in carrot [14] but higher content of polyphenols was
found in such vegetables as red beet or onion [15].

Table 2 shows the content of total and reducing sugars, as well as soluble solids, dry
matter and pH of fruit of 12 pumpkin cultivars before and after storage. Higher level of
reducing and total sugars was found in fruits of ‘Amazonka’ cv. (5.04 and 6.00 % f.m.,
respectively) and ‘Uchiki Kuri’ cv. (5.16 and 5.52 % f.m., respectively) and the lowest
— in fruits of cultivars ‘Pyza’ (1.87 and 2.56 % f.m., respectively) and ‘Miranda’ (1.61
and 2.04 % f.m., respectively). In the remaining cultivars the contents of sugars ranged
from 3.13 to 2.40 % f.m. for reducing sugars and from 4.45 to 3.15 % f.m. for total
sugars.

The pH value of C. maxima fruit varied from 7.42 to 6.67 and was higher than in
C. pepo pumpkin (6.01-6.75). This parameter is used to determine acidity of the flesh
and it decides about microbiological durability of products destined for processing.
Among vegetables, pumpkin and red beet (pH = 7.1) feature very high pH [15]. The
results obtained in this study are similar to those reported by Pauluskiene et al [11] but
according to Pijanowski et al [15] pH of pumpkin fruit varied from 4.6 to 5.1.

Dry matter and soluble solids contents of C. maxima fruit were relatively higher than
those observed in C. pepo. Among tested cultivars of C. maxima the lowest levels of
soluble solids and dry matter were determined in ‘Melonowa Zolta’ and ‘Bambino’ fruit
and among the cultivars of C. pepo the highest content of this components were found
in edible parts of ‘Danka Polka’ and ‘Jet’ F;. Also in the study by Pauluskiene et al [11]
there was observed high content of dry matter in fruits of ‘Amazonka’ and ‘Ambar’ cvs.
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After 90 days of storage contents of carotenoids, vitamin C, starch, total and reducing
sugars, soluble solids and dry matter as well as pH value decreased. On average, after
storage the level of vitamin C decreased in pumpkin fruit by 40 %. The loses of this
compound were over 50 % in fruits of ‘Uchiki Kuri’, ‘Danka Polka’, ‘Warszawska
Makaronowa’ and ‘Jet’ F; cvs.

Content of carotenoids in pumpkin fruit decreased on average by 35 % after storage.
Especially high loses of this component were observed in fruit of ‘Ambar’, ‘Bambino’,
‘Jet’ Fy, and “Warszawska Makaronowa’ cvs. There was recorded slight increment in
content of carotenoids, in fruit of ‘Karowita’, ‘Danka Polka’ and ‘Miranda’ and ‘Pyza’.
The fruits featuring more intensive process of caroten synthesis in the post—harvest
period were mainly representatives of cultivars with low level of this compound after
harvest. Probably their fruit did not reach full maturity when harvested and their
ripening took place in the course of their storage. According to lacuzzo and Dalla Costa
[16] content of carotenoids did not significantly change during storage: within two years
of a three—year study the level of these pigments increased but in the third year its
decreased amount became a fact. Noseworthy and Loy [17] did not observe significant
changes in carotenoids content in pumpkin fruit between 30 and 60 days of storage.
Arvayo-Ortiz et al [18] and Bycroft et al [19] found that carotenoids level increases
according to storage time as a result of post-harvest fruit metabolism. The other authors
[20] reported B-carotene content decline between 8 and 12 weeks of storage.

The contents of starch decreased especially in fruit of “high starch cultivars”
(‘Ambar’ 75 %, ‘Amazonka’ 84 %, ‘Uchiki Kuri’ 35 % and ‘Jet’ F; 39 %). In fruit of
‘Pyza’ and ‘Warszawska Makaronowa’ starch content increased after storage from 1.01
and 2.56 to 4.17 and 5.17 mg - 100 g"' f.m., respectively. Iacuzzo and Dalla Costa [16]
reported the decrease in starch amount by two thirds after 12 weeks of storage, while
sugars were decomposed and degraded to mono- and disaccharides.

In the experiment there was observed significant decrease of dry matter content but
differences in soluble solids level in pumpkin fruit before and after storage were rather
negligible. Similar results were obtained by Philips [21]. Niewczas and Mitek [22] did
not noted any significant changes in the level of these components.

There was not found any significant decrease in total phenolics content in fruits of C.
maxima and C. pepo during storage. Also Burda et al [23] did not notice any changes in
phenolics content in apples and blueberries during their maturation in cold storage
chamber.

The content of nitrates in pumpkin fruit depended on species and cultivar (Table 3).
Higher concentration of nitrates was observed in fruit of C. pepo (800-2100 mg - 100
g”' f.m.) with only one exception of ‘Jet’ F; which fruit had the lowest level of this
compound (290 mg - 100 g”' f.m.). The level of nitrates in pumpkins of C. maxima
varied from 390 to 690 mg - 100 g' fm.) depending on cultivar. C. pepo fruit
characterized higher content of potassium, magnesium, phosphorus and calcium than
those belonging to C. maxima species. After storage the content of nitrates decreased,
while the level of potassium, phosphorus, magnesium and calcium increased.

Storability of tested cultivars did considerably vary within the year of study. In rainy
2007 [data not presented] there was observed the highest percentage of rotten fruits
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during 90 days of storage, especially in ‘Bambino’ (38 %), ‘Karowita’ (36 %) and
‘Melonowa Zolta’ (38 %) cultivars (Fig. 1).
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Fig. 1. Percentage of rotten fruits during 90-day storage period in relation to cultivars and particular year of
the experiment

Among tested cultivars ‘Amazonka’, ‘Ambar’ and ‘Jet’ F; had more satisfactory
quality of fruit in the course of three—year study, regarding their storage in 2006 and
2007, while in 2008 ‘Pyza’ also proved to possess this property. These data are in
agreement with lacuzzo and Dalla Costa [16]. According to these authors fruit decaying
process during storage is a consequence of cultivar and weather conditions during
pumpkin cultivation.

Conclusions

1. Cultivars of Cucurbita maxima featured higher content of carotenoids, vitamin C,
starch, soluble solids, dry matter, total and reducing sugars than cultivars belonging to
Cucurbita pepo.

2. Among tested cultivars ‘Amazonka’ and ‘Ambar’ were the richest source of
carotenoids, vitamin C, starch, soluble solids and dry matter.

3. Differences in the level of total phenolic compounds in pumpkin fruit of all the
cultivars assessed were less visible than in the case of carotenoids, vitamin C and starch
contents.

4. After 90 days of storage contents of carotenoids, vitamin C, starch, total and
reducing sugars, dry matter and nitrates as well as pH value decreased and the level of
potassium, phosphorus, magnesium and calcium increased, whereas level of soluble
solids was rather stable.

5. There was not observed significant decrease in total phenolics content in fruits of
C. maxima and C. pepo after storage.
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SKLAD CHEMICZNY OWOCOW DYNI
W ZALEZNOSCI OD ODMIANY I PRZECHOWYWANIA

! Katedra Ogrodnictwa
2 Katedra Technologii Owocow, Warzyw i Zb6z
Uniwersytet Przyrodniczy we Wroctawiu

Abstrakt: Badania przeprowadzone w latach 2006-2008 mialy na celu oceng jakosci dojrzatych owocow
dyni pochodzacych od 6 odmian dyni olbrzymiej Cucurbita maxima (‘Amazonka’, ‘Ambar’, ‘Bambino’,
‘Karowita’, ‘Melonowa Zétta’, ‘Uchiki Kuri’) i 6 odmian dyni zwyczajnej Cucurbita pepo (‘Danka Polka’,
‘Miranda’, ‘Junona’, ‘Pyza’ i ‘“Warszawska Makaronowa’ oraz ‘Jet’ F;) przed i po przechowaniu. Oceniono
zawarto$¢ karotenoidow, witaminy C, skrobi, polifenoli, ekstraktu, suchej masy, cukréow redukujacych
i ogdtem, azotandow oraz makroelementow (P, K, Mg, Ca) w owocach bezposrednio po zbiorze i po
90-dniowym przechowywaniu w przechowalni grawitacyjnej. Dyni¢ uprawiano z rozsady sadzonej w pole
w potowie maja, owoce zbierano w drugim tygodniu wrzes$nia.

Owoce odmian nalezacych do dyni olbrzymiej zawieraly wigcej karotenoidow, witaminy C, skrobi,
ekstraktu, suchej masy oraz cukrow ogoétem i redukujacych niz owoce dyni zwyczajnej. Najwigksza zawartos¢
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karotenoidow odnotowano w czesciach jadalnych odmian ‘Amazonka’ (18,40 mg - 100 g' $.m.), ‘Ambar’
(15,49 mg - 100 g' $.m.). Najwigcej skrobi mialy owoce odmiany ‘Ambar’ (61.5 mg - 100 g ' §.m.),
‘Amazonka’ (31,3 mg - 100 g ' §m.) i ‘Uchiki Kuri’ ((20,95 mg - 100 g é.m.). Réznice w zawartosci
polifenoli pomigdzy badanymi odmianami byly mniej widoczne niz w przypadku karotenoidéw, witaminy C
czy skrobi. Po 90-dniowym przechowywaniu zawarto$¢ karotenoidéw, witaminy C, cukréw, suchej masy
i azotanéw oraz wartos¢ pH malaty, podczas gdy poziom makrosktadnikow wzrastal. Nie odnotowano
znaczacych zmian w zawartosci polifenoli po przechowaniu.

Stowa kluczowe: gatunki dyni, odmiany, przechowanie, sktad chemiczny owocoéw dyni
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EFFECT OF LEAD CUMULATION ON BORON CONTENT
IN SOME VEGETABLES

WPLYW KUMULACJI OLOWIU NA ZAWARTOSC BORU
W NIEKTORYCH WARZYWACH

Abstract: Six species of vegetable plants: lettuce Lectuca sativa L., spinach Spinacia oleracea L., radish
Raphanus sativus L. subvar. radicula Pers., onion Allium cepa L. var. cepa, red beets Beta vulgaris L. and
carrot Daucus carota L. were cultivated in pots on a substrate containing lead dosed 0, 250 and 500 mg - kg™
d.m.

Increase of lead content in substrate caused its intensive cumulating in edible parts of the tested vegetable
species. At the same time boron content increased in tissues of all analysed plants: in lettuce leaves by 9.7 %
after supplying 250 mg Pb - kg™ d.m., and by 19.8 % after supplying 500 mg Pb - kg™' d.m., in spinach leaves
by 13.8 % (only under the influence of higher dose), in radish roots by 5.1 and 24.6 %, in onion by 23.9 and
39.1 %, in beetroots by 14.9 and 41.2 % and in carrot roots by 8.6 and 24.6 %.

Keywords: lead accumulation, boron, lettuce, spinach, radish, onion, red beet, carrot

One of the undesired results of rapidly developing civilisation of the past century has
been excessive amount of heavy metals in the environment. Numerous works have
focused on accumulation of these metals in various plants, we also know a lot about the
possibilities to prevent their intensive accumulation in plant tissues. However, far less
may be said about the results of heavy metal toxicity in plants, such as disorders in
mineral nutrition or changes in their metabolism. Although external symptoms of heavy
metal contamination in plants appear very late, there are proofs that many changes
inside their cells occur fast and are far ahead of macroscopic effects.

Changes in mineral uptake are among first plant responses to heavy metal presence in
the substrate. These relationships have been relatively best known in case of lead due to
heavy environmental pollution with this metal and considerable hazard it poses to
humans. Nitrate(V) ion uptake [1] and sulphate ion absorption [2] decrease under the
influence of lead. So, it seems that, a strong antagonism between lead and phosphorus is
connected with its intense retardation in the substratum through plumbous ions [3]. In

! Department of Vegetable Crops and Horticulture Economics, University of Agriculture in Krakow, al. 29
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case of some plants, lead stimulates potassium uptake [4], but in general the effect of
outflow of potassium ion has been observed in result of increased cell membrane
permeability [5]. There is some information about either increased calcium content in
plants grown in lead polluted soils [6] or about decreased content under similar
conditions [7]. Similarly, a view upon changes in magnesium content in plant tissues
under lead influence is somewhat unclear [8]. Lead is an inhibitor of uptake of many
microelements actively occurring as bivalent cations: iron, manganese, zinc, copper and
cobalt [3, 9], competing with them for active positions of carriers, enzymes or cell
membranes.

Boron is a very important microelement in plant metabolism. The problem of its
response to increased lead concentration in plant tissue remains unsolved. The work
aimed to determine how boron content changes in edible parts of selected vegetables
cultivated on substrates containing elevated lead content.

Materials and methods

A pot experiment was conducted during two growing periods in 2005 and 2006 at
a Research Farm of Faculty of Horticulture, University of Agriculture in Krakow. Test
materials were provided by six species of popular vegetables, each represented by two
randomly chosen cultivar varieties. These comprised: lettuce Lactuca sativa L., ‘Sonata’
and ‘Marysienka’ cvs., spinach Spinacia oleracea L., ‘Matador’ and ‘Asta’ F; cvs.,
radish Raphanus sativus L. subvar. radicula Pers., ‘Saxa’ and ‘Carmen’ cvs., red beet
Beta vulgaris L., ‘Egipski’ and ‘Glob’ F; cvs., carrot Daucus carota L., ‘Kamila’ F; and
‘Kalina’ Fy cvs., and onion Allium cepa L. var. cepa Helm., ‘Rawska’ and ‘Efekt’ cvs.
Substrate was prepared of rubbed highmoor peat and washed river sand. Both
components are characterised by a low content of lead (below 10 mg - kg’1 d.m.), which
places them below the upper limit of this metal natural background in Polish soils
determined as 18 mg - kg’1 d.m. [10]. Macroelements, dosed 250 mg N, 250 mg K, 100
mg P and 60 mg Mg per a kilogram of dry matter were supplied to the substrate as
chemically pure salts. Microelements were added using the microelement part of
multielement MIS-4 fertilizer in the amount recommended by the producer. Acidity of
the prepared substrate was decreased to pH 6.5 using chalk. Determined boron content
in this substrate was ca 0.90 mg - kg’1 d.m. The results of basic soil analysis before
experiment were given in Table 1.

Table 1
The content of macroelements, pH and salinity of the substrate
NH, ‘ NO; ‘ P ‘ K ‘ Ca ‘ Mg Salinity
pH
[mg - dm*] [g NaCl - dm’]
85.8 ‘ 49.0 ‘ 60.8 ‘ 298.2 ‘ 1693 ‘ 164.0 6.83 1.46

The experiment was set up in the last decade of April. Mitscherlich’s pots, 5 dm® in
volume, were filled with substrate and lead added simultaneously in the form of lead
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acetate. Each variety was cultivated on three substrates to various degrees contaminated
with lead: 0, 250 and 500 mg Pb - kg_1 d.m., each substrate was used per 8 pots. The
pots were placed in a hotbed and seeds of spinach, radish, red beets and carrot were
sown into them, and 4-week old lettuce and onion seedlings were planted. The plants
were watered with distilled water up to 70 % of capillary water capacity. When the first
pair of leaves appeared, eight equal plants were left per pot, except for lettuce planted
three heads per pot. The vegetables were harvested at harvest maturity, thoroughly
washed under running water and subsequently 25 plants per object were sampled for
analysis (lettuce sample was 15 heads). Analyses were conducted on edible parts, which
for individual plants were leaves, roots and bulbs.

Dry matter was assessed by drier method at 65 °C. Lead analysis, after plant material
ashing at 450 °C and dissolving the remains in 10 % nitric(V) acid, was carried out by
atomic absorption method [11] in Varian SpectrAA-20 spectrophotometer in acetylene-
-air flame. Boron was determined by colorimetric curcumin method [12] after plant
mineralisation at 550 °C and ash dissolution in 0.1 mol - dm™ HCL.

Results were statistically elaborated by analysis of variance in a fully randomised
design using t-Student test at significance level 0.05. Due to tendencies recurrent in
subsequent years and to simplify the result presentation, means for two years were
given in the Tables.

Results

Increasing lead content in the substrate caused a raise in lead cumulation by all tested
vegetable species (Table 1). Mean Pb content in lettuce leaves cultivated on a control
substrate was 10.45 mg - kg~' d.m. It raised by ca 102 % under the influence of 250 mg
Pb - kg ' d.m. dose and in result of 500 mg Pb - kg™' d.m. increased by ca 135 % of the
initial content.

Table 2
Lead content [mg - kg' d.m.] in edible parts of vegetables cultivated on substrate
with diversified Pb content
Pb addition Lettuce Mean
[mg - kg ' d.m. substrate] Sonata Marysienka for Pb addition
0 5.75 a* 15.15b 10.45 a
250 17.52 ¢ 24.68 ¢ 21.10b
500 21.05d 28.00 f 2452 ¢
Mean for cultivar variety 14.78 a 22.61b
Pb addition Spinach
[mg - kg ' d.m. substrate] Asta F, Matador
0 932a 17.85b 13.59a
250 26.02 ¢ 31.82d 2892b
500 33.76d 42.20e 3798 ¢
Mean for cultivar variety 23.04 a 3062b
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Table 2 contd.

Pb addition Radish
-1
[mg - kg d.m. substrate] Carmen Saxa
0 7.90 a 6.40 a 7.15a
250 18.52b 21.62b 20.08 b
500 31.25¢ 40.25d 35.75¢
Mean for cultivar variety 19.22 a 22.76 a
Pb addition Onion
—1
[mg - kg d.m. substrate] Efekt Rawska
0 410a 298 a 3.54a
250 6.30 be 4.80 ab 5.55b
500 7.28 c¢d 8.48d 7.88 ¢
Mean for cultivar variety 589a 542a
Pb addition Red beets
~1
[mg - kg d.m. substrate] Glob F, Egipski
0 7.15a 20.08 b 13.61 a
250 2242 ¢ 37.38¢ 29.90 b
500 30.70d 43.90 f 3730 ¢
Mean for cultivar variety 20.09 a 33.78b
Pb addition Carrot
~1
[mg - kg™ d.m. substrate] Kamila F, Kalina F,
0 472 a 552a 5.12a
250 22.48b 24.65b 23.56 b
500 38.05¢ 41.32d 39.69 ¢
Mean for cultivar variety 21.75a 23.83b

* Values marked with the same letter within the same species and means do not differ significantly.

Mean content of lead in spinach leaves harvested from the substrate with 0 mg
Pb - kg'' d.m. was 13.59 mg Pb - kg'' d.m. and increased by ca 113 % and by ca 180 %
after application of respective lead doses. In radish roots from lead-free substrate on an
average 7.15 mg - kg ' d.m. of this metal was detected. Supplying subsequent doses of
Pb to the substrate resulted in its increased content in radish by ca 181 % and by ca
400 % in comparison with the control material. Onion growing in “clean” substrate
revealed on an average 3.54 mg Pb - kg”' d.m. Following the introduction of 250 mg
Pb - kg’1 d.m. of substrate, this metal concentration in onion increased on average by
57 %, and by 123 % when the dose was increased twice. In red beetroots cultivated on
control substrate on average 13.61 mg Pb - kg'' d.m. was found. Addition of 250 and
500 mg Pb - kg ' d.m. of the substrate resulted in its elevated content in roots by about
120 % and 174 % in comparison with beets grown on substrate without lead addition. In
carrot roots harvested from the control substrate mean Pb content of 5.12 mg - kg ' d.m.
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was found. After supplying subsequent lead doses to the substrate, this element level in
carrots raised on average by 360 % and 675 % in comparison with roots from the
substrate without Pb addition.

Analysis of boron contents in edible parts of six studied vegetable species in each
case demonstrated an elevated content of this element following an increase in lead
concentration in the substrate (Table 3).

Table 3
Boron content [mg - kg' d.m.] in edible parts of vegetables cultivated on substrate
with diversified Pb content
PH addition Lettuce Mean for Pb addition
[mg - kg d.m. substrate] Sonata Marysienka
0 22.00 a* 31.15¢cd 26.58a
250 26.20b 32.10d 29.15b
500 28.85¢ 3480 ¢ 31.83¢c
Mean for cultivar variety 25.68a 32.68b
Pb addition Spinach
[mg - kg" d.m. substrate] Asta F, Matador
0 4580 a 4735a 46.58 a
250 47.00 a 4790 a 4745 a
500 56.70 b 4930 a 53.00 b
Mean for cultivar variety 4983 a 48.18 a
Pb addition Radish
[mg - kg ' d.m. substrate] Carmen Saxa
0 29.00 b 24.65a 26.83 a
250 31.90 ¢ 2450 a 28.20b
500 38.00d 28.85b 3343 ¢
Mean for cultivar variety 3297b 26.00 a
Pb addition Onion
[mg - kg d.m. substrate] Efekt Rawska
0 17.35a 18.45a 17.90 a
250 22.25b 22.10b 22.18b
500 26.00 ¢ 23.80 be 2490 c
Mean for cultivar variety 21.87a 21.45a
Pb addition Red beets
[mg - kg ' d.m. substrate] Glob F, Egipski
0 20.85a 21.70 ab 21.28 a
250 24.00 be 2490 ¢ 24450
500 30.50 ¢ 29.60 d 30.05¢
Mean for cultivar variety 25.12a 2540 a
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Table 3 contd.

Pb addition Carrot
[mg - kg d.m. substrate] Kamila F; Kalina F,
0 22.80a 26.65b 2473 a
250 24.75 ab 28.95¢ 26.85b
500 29.40¢ 33.10¢ 31.25¢
Mean for cultivar variety 25.65a 29.57b

* Values marked with the same letter within the same species and means do not differ significantly.

In lettuce leaves from the control soil on average 26.58 mg B - kg’1 d.m. was
assessed. After supplying 250 and 500 mg Pb - kg’1 d.m. to the substrate, boron content
in lettuce increased by 9.7 % and 19.8 %, respectively, in comparison with lettuce
grown on substrate without lead addition. In spinach leaves grown in control substrate,
on average of 46.58 mg B - kg’l d.m. was registered. Supplying 250 mg Pb - kg’l d.m.
did not cause any significant changes in spinach boron content and only in the effect of
500 mg Pb - kg’l d.m. added to the substrate, boron content increased by 13.8 % in
relation to the material from uncontaminated soil. In radish roots from control substrate
on average 26.83 mg B - kg’1 d.m. was detected. This element concentration grew with
increasing lead doses in the soil by 5.1 % and 24.6 %, respectively. Onion from the
control substrate had on average 17.90 mg B - kg’1 d.m. This element level raised by an
average 23.9 % in effect of 250 mg Pb - kg’l d.m. dose and by 39.1 % under the
influence of 500 mg Pb - kg ' d.m. dose. Mean of 21.28 mg B - kg ' d.m. was registered
in red beets harvested from the substrate without Pb addition. The dose of 250 mg
Pb - kg ' d.m. added to the soil resulted in a raised boron content in beetroots by 14.9 %
whereas the double dose caused a 41.2 % increase. In carrot from the control soil on
average 24.73 mg B - kg’l d.m. was registered. This element content was increasing
with increasing lead content in the substrate by 8.6 % and 26.4 %, respectively.

Discussion

Lead supplied into the soil in doses of 250 and 500 mg - kg’l d.m. produced a
manifold increase in this metal cumulation by edible parts of the tested plant species. At
the same time growing lead content in tissues was accompanied by increasing boron
content, although the response to toxic effect of this metal depended on individual
plants. The largest extension of the boron content was observed in onion and red beets,
the smallest in case of leave vegetables, lettuce and spinach, was noted. Chosen
cultivars of lettuce, spinach, red beets, and carrot differed in intensity of lead
accumulation. About the diverse taking this metal by cultivars of the same species was
written already earlier [13]. The content of boron in cultivars of three species: lettuce,
radish and carrot also differed. However it was not successful to find the proportionality
between the quantity of accumulation the lead and boron absorbed by plants.
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As a rule lead cumulation causes bigger or smaller decrease in the content of many
macro and microelements in plant cells. Some authors under such conditions observed
also elevated levels of some elements, particularly potassium, calcium, phosphorus or
magnesium. These observations were usually due to some specific features of plant
metabolism [4] or defence mechanism [8]. Only few authors have mentioned the effect
of lead on boron content in plants. Walker et al [14] determined boron in maize
cultivated in pots with an addition of 125 and 250 mg Pb - kg ' d.m., however they did
not obtain any consistent results.

The mass of tested plants was not reduced, so growth of boron content in their tissues
could not be explained by the simple condensation effect. Another hypothesis is
possible. Basic mechanisms of tolerance to heavy metals, including lead, involve their
detoxication on the cell wall and preventing their penetration to the protoplast [15]. A
subsequent and first living structure on the way of these metals is cell membrane, whose
integrity necessary for keeping a cell alive may be ensured only when all damage is
quickly repaired [16]. Boron plays an important role in maintaining the proper structure
of both cell wall and cell membrane. It is considered a stabiliser of pectin cell wall
lattice, where it occurs in stiff polysaccharide complexes as diester with cis-diole sugar
groups [17, 18], it also plays a role of regulator of apertures in cell wall [19]. Boron has
a decisive share in forming membrane structure [20]. It maintains their efficiency and
its deficiency changes cell membrane permeability for sugars, proteins and phosphates
[17]. Boron stimulates leaf biosynthesis of glutathion, the important factor of metal
detoxification, as well [21].

So, it seems possible that increase in boron uptake under conditions of lead toxicity
is caused by its share in cell defensive system. Detailed studies on cell level will
undoubtedly further clarify the observations presented in this work.

Conclusions

1. Lead supplied into the soil caused a raise in this metal accumulation by all tested
vegetable species (lettuce, spinach, radish, onion, beetroots, carrot), by 57 % to 360 %
under influence of 250 mg Pb - kg'1 d.m., and by 123 % to 675 % when the dose was
increased twice to 500 mg Pb - kg‘1 d.m.

2. After supplying Pb to the substrate, boron content increased in edible parts of
vegetables by 0 % to 23.9 % after application of lower dose, and by 13.8 % to 41.2 %
after application of higher one.

3. It seems possible that increase in boron uptake under conditions of lead toxicity is
caused by its share in cell defensive system, but this hypothesis requires further detailed
investigations.
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WPLYW KUMULACJI OLOWIU NA ZAWARTOSC BORU
W NIEKTORYCH WARZYWACH

Katedra Warzywnictwa z Ekonomika Ogrodnictwa
Uniwersytet Rolniczy w Krakowie

Abstrakt: Sze$¢ gatunkow roslin warzywnych: satate Lactuca sativa L., szpinak Spinacia oleracea L.,
rzodkiewke Raphanus sativus L. subvar. radicula Pers., cebule Allium cepa L. var. cepa, buraki ¢wiklowe
Beta vulgaris L. 1 marchew Daucus carota L. uprawiano w wazonach na podlozu z dodatkiem otowiu
w ilogci: 0, 250 i 500 mg - kg' s.m.

Zwigkszenie zawarto$ci otowiu w podiozu spowodowato jego intensywna kumulacj¢ w jadalnych
czg$ciach testowanych gatunkéw warzyw. Rownoczesnie wzrosta zawartosé boru w tkankach wszystkich
analizowanych roélin: w lisciach sataty o 9,7 % pod wpltywem dawki 250 mg Pb - kg ' s.m. podtoza
i019,8 % pod wptywem dawki 500 mg Pb - kg™ s.m., w lisciach szpinaku o 13,8 % (tylko pod wplywem
wigkszej dawki Pb), w zgrubieniach rzodkiewki o 5,1 i 24,6 %, w cebuli o 23,9 i 39,1 %, w korzeniach
burakow o 14,9 1 41,2 %, w korzeniach marchwi o 8,6 1 24,6 % odpowiednio pod wptywem dodatku 250 i 500
mg - kg' s.m. podioza.

Stowa kluczowe: kumulacja otowiu, bor, salata, szpinak, rzodkiewka, cebula, burak ¢wiklowy, marchew
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INFLUENCE OF AUXIN NAA
AND ETHEPHON ON YIELD QUALITY
OF APPLE (Malus domestica Borkh.) ‘SAMPION’ CV.

WPLYW AUKSYNY NAA ORAZ ETEFONU
NA JAKOSC PLONU JABLONI (Malus domestica Borkh.)
ODMIANY ‘SAMPION’

Abstract: The experiment was carried at the Experimental Station of Garlica Murowana near Krakow in 2006
and 2008. In 2007 the experiment was not conducted due to frost damages. The objects of the experiment
were fourteen-year-old apple trees ‘Sampion’ cv. on MM.106 rootstock. The aim of the experiment was to
evaluate the influence of ethephon (2-chloroethylphosphonic acid) and auxin NAA (naphthalene acetic acid)
used in two terms and concentrations on the yield and fruit quality. First treatment was carried out at the end
of flowering (80 % the falling petals), second when fruitlets’ diameter was 12 mm. Two concentrations: 20
and 60 mg NAA - dm, and 200 and 600 mg ethephon - dm* were used each time. Controlled trees were not
sprayed. After fruit harvest total yield with division into five classes: apple blush, flesh firmness, extract
content, acidity and pH were estimated.

Experiments showed that used preparations increased the number of fruit with more than 12 cm diameter
and decreased the amount of small fruit in total yield. All used combinations increased pH of fruit juice in
comparison with control. Used compounds did not show clear influence on fruit juice’s extract contents. Used
compounds did not have influence on fruit storage ability assessed.

Keywords: auxin, NAA, ethephon

Thinning of fruitlets is an essential treatment in modern apple orchards, which can
guarantee high annual yield of good quality fruit. Commonly used preparations
for thinning fruitlets are ethephon (2-chloroethylphosphonic acid) and auxin NAA
(naphthalene acetic acid).

The aim of the experiment was to assess the effectiveness of these preparations,
depending on the applied concentration and time.

! Department of Pomology, Faculty of Horticulture, University of Agriculture in Krakow, al. 29 Listopada
54, 31-425 Krakow, Poland, phone: +48 12 662 5230, email: agonkiewicz@ar.krakow.pl



28 Aleksander Gonkiewicz and Matgorzata Leja

Material and methods

The experiment was carried out in the Experimental Station of Garlica Murowana
near Krakow in 2006 and 2008. In 2007 the experiment was not conducted due to frost
damages. The objects of the experiment were fourteen-year-old apple trees, ‘Sampion’
cv., on MM.106 rootstock. The study was conducted in six replications (one replication
equals one tree).

The aim of the experiment was to evaluate the influence of ethephon (2-chloroethyl-
phosphonic acid) and auxin NAA used in two terms and concentrations on the yield and
fruit quality. First treatment was applied at the end of flowering (80 % the falling
petals), and second when fruitlets’ diameter was 12 mm. Two concentrations: 20 and 60
mg NAA - dm™, and 200 and 600 mg ethephon - dm were used each time. Trees of
control treatments were not sprayed.

During harvest the yield of each tree was sorted into four classes of grandiosity: 56,
67, 7-8 and above 8 cm in diameter. Fruit color was estimated visually by the
percentage of fruit surface covered with blush. 25 fruit from class with diameter of 6-7,
and 7-8 from each tree were evaluated. Firmness was measured on side color core
blushing fruit. Total acidity of fruit juice (expressed as malic acid) and juice pH were
measured in 25 fruit randomly selected from each combination. For statistical
calculations the average for the whole fruit value was used. Fruit were stored in an
ordinary cold for 4 months and after this period firmness, extracts content, pH and
acidity of the juice were measured once again.

Results

Studies showed that there was no relation between the date of treatment and the
effectiveness of preparations (Table 1).

Table 1

Percentage of incorporation of the fruit [%] depended on the date of the treatment as well as type
and concentration of preparation

Specification 2006 2008
Term of treatments I 12.2 a* 53a
Term of treatment 11 139a 59a

Treatments

Control 24.1a 6.7a
NAA 20 mg - dm 143b 6.1a
NAA 60 mg - dm® 11.0¢c 53a
Ethefon 200 mg - dm™ 143b 57a
Ethefon 600 mg - dm 12.8 bc 36b

Explanations: I — first treatment at the ending of flowering (80 % the falling petals), II — second treatment at
12 mm fruitlets; * Values marked with same letter do not differ significantly at oo = 0.05.
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The effectiveness of treatment in the first and second term was at the same level.
Both preparations showed similar effectiveness, and slight differences resulted only
from applied concentration. In 2006 ethephon thinned most effectively when was used
in higher concentration (600 mg dm ), however the same concentration of ethephon
used in the second year of the experiment caused excessive thinning. Both products
used in low concentrations showed similar efficacy. Studies showed that ethephon and
auxin NAA applied in both terms increased the participation of fruit with diameter
larger than 7 cm and decreased the share of fruit with diameter smaller than 7 cm in
total yield (Fig. 1).

kal 30 kal 30

2006 2008

Control | Il Control Il

[ 50-60 mm [£4 6070 mm []70-80 mm [ > 80 mm |

Fig. 1. Class of grandiosity in the yield of fruit in general, depending on the date of preparations application
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Fig. 2. Class of grandiosity in the yield of fruit in general, depending on type and concentration of applied
preparation
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Analyzing the effectiveness of treatments for type of preparation and concentration,
there was no apparent difference between them. Both applied preparations influenced
on reducing the proportion of fruit with a diameter of less than 7 cm and increasing the
number of fruit over 7 cm in diameter (Fig. 2).

High concentrations of applied preparations did not cause the decrease in yield and
did not affect the degree of fruit colouring. The term of treatment nor the type or
concentration of used preparations did not affect the percentage of skin surface covered
with apple bloom (Table 2).

Table 2

Fruit colour [%] depending on the date of the treatment as well as type
and concentration of preparation

Specification 2006 2008
Term of treatment I 53.4 a* 459 a
Term of treatment 11 52.1a 449 a

Treatments

Control 50.5a 425a
NAA 20 mg - dm™ 550a 429a
NAA 60 mg - dm 54.1a 444a
Ethefon 200 mg - dm™ 514a 49.0a
Ethefon 600 mg - dm 527a 48.5a

Explanations: see Table 1.

No influence of treatments was shown on the fruit firmness. Regardless of the date of
treatment, type of preparation and concentration obtained results were not different
from control objects (Table 3).

Table 3
Firmness of the fruit [kG] depending on the date of the treatment as well as type
and concentration of preparation
Specification 2006 2008
Term of estimation At harvest After storage At harvest After storage
Diameter of fruit 6-7cm | 7-8cm | 6-7cm | 7-8cm | 6-7cm | 7-8cm | 6-7cm | 7-8 cm
Term of treatment | 6.7a 6.6a 4.7a 45a 58a S56a 45a 43a
Term of treatment 11 6.7a 6.6 a 44a 43a 58a S54a 44a 43a
Treatment
Control 6.6a 63a 43a 43a 54a 53a 43a 42a
NAA 20 mg - dm™ 6.7a 64a 44a 43a 59a 58a 45a 43a
NAA 60 mg - dm™ 6.8a 6.5a 4.6a 44a 59a S56a 43a 42a

Ethefon 200 mg -dm™ | 6.8a 64a 4.8a 45a 58a 5.6a 44a 44a
Ethefon 600 mg - dm>| 6.8a 6.7a 45a 43a 59a S56a 4.6a 43a

Explanations: see Table 1.
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Studies carried out after storage showed that treatment did not affect fruit firmness,
content of juice extract (Table 4) and pH of fruit juice (Table 5).

Extract juice of fruit [%] at harvest and after storage

Table 4

2006 2008
Treatment
At harvest After storage At harvest After storage
Control *12.6 a* 125a 11.8a 122 a
NAA 20 mg-dm’3 123 a 123 a 11.7a 11.9a
NAA 60 mg - dm™ 13.1a 13.1a 11.6a 11.8a
Ethefon 200 mg - dm™ 125a 124 a 12.0a 12.1a
Ethefon 600 mg - dm 132 a 129a 11.8a 122 a
* Values marked with same letter do not differ at o = 0.05.
Table 5
pH of fruit juice
2006 2008
Treatment
At harvest After storage At harvest After storage
Control 3.8a* 39a 3.7a 38a
NAA 20 mg - dm™ 38a 39a 3.7a 38a
NAA 60 mg - dm ™ 38a 39a 37a 38a
Ethefon 200 mg - dm 38a 39a 37a 38a
Ethefon 600 mg - dm 38a 39a 37a 38a

* Values marked with same letter do not differ at o = 0.05.

No differences were found after harvest and after storage in comparison with the
control treatment. Both applied preparations caused an increase of the total acidity of
fruit juice, which was observed also after storage (Table 6).

Total acidity of fruit juice [g - 100 g'] (expressed as malic acid)

Table 6

2006 2008
Treatment
At harvest After storage At harvest After storage
Control 0.24 d* 0.17d 0.33¢ 0.24d
NAA 20 mg - dm® 029 ¢ 0.20 ¢ 041b 0.32a
NAA 60 mg - dm™ 033a 0.23 b 043 a 0.28 ¢
Ethefon 200 mg - dm 031b 0.23b 043 a 0.32a
Ethefon 600 mg - dm™ 033a 0.26a 041b 0.30b

*Values marked with same letter do not differ at o = 0.05.
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No differences were found after harvest and after storage in comparison with the
control treatment. All preparations caused an increase the total acidity of fruit juice,
what was observed also after storage (Table 6).

Discussion

As reported by Dennis [1] auxin NAA was recommended for thinning mainly during
flowering. However, subsequent studies have shown that NAA is well-thinner for
fruitlets. In presented experiment it was found that auxin NAA is suitable both thinning
at the end of flowering and about two weeks later also. Very similar to the NAA
thinning effect was observed in case of ethephon. Its effectiveness did not depend on the
date of application.

The results do not confirm the opinion according to which sensitivity to ethephon is
starting to decrease after petals fall [2, 3]. The preparations applied in 3 times higher
concentrations only slightly decreased fruit setting which was also observed in
experiment conducted by Jones et al [4]. All treatments increased the average mass of
fruit. Decreasing proportion of small fruit and increasing share of large fruits in whole
yield was also observed. The treatment in the first term led to increase the average mass
of fruit. Positive effect on fruit size, despite of poor thinning was also observed by other
authors [5, 6].

In the experiment, no differences between the type of preparation and participation of
each class of grandiosity of fruits in total yield were showed. Both used preparations in
similar way affected the yield and fruit size. No significant differences were observed
between NNA at concentration 20 and 60 mg - dm™ as well as between ethephon in
concentration at 200 and 600 mg - dm™. No effect of the term treatment, the type of
used preparation or concentration on fruit color intensity was observed. Similar results
obtained Michalski et al [6] and Pietranek et al [7]. In presented experiment slight
impact of treatments on the decreasing of fruit flesh firmness was obtained, but the
differences were not confirmed statistically. Similar results were obtained by Guaka et
al [8] and Mcartney and Wells [9]. There was no effect of the treatment term on fruit
firmness after harvest and after storage. In presented experiment applied thinning
preparations did not influence the extract and pH of fruit juice. No impact on the tested
parameters was also noted by Pietranck et al [7] and Basak [10]. In conducted
experiment an increase of fruit juice acidity in all studied combinations were noted.
Link [11] also reported the positive impact of this treatment on the acidity of the fruit
juice.

Conclusions

1. Auxin NAA and ethephon showed similar effectiveness in thinning of flowers and
fruitlets of apple trees.

2. The effect of using higher concentrations of the preparations did not differ
significantly from the lower ones.
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3. All treatments regardless of the preparation, concentration and term of application
improved fruit quality.

4. There was no negative impact of treatments on the quality of fruits and the ability
of fruit to storage.
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WPLYW AUKSYNY NAA ORAZ ETEFONU
NA JAKOSC PLONU JABLONI (Malus domestica Borkh.) ODMIANY ‘SAMPION’

Katedra Sadownictwa i Pszczelnictwa, Wydzial Ogrodniczy
Uniwersytet Rolniczy w Krakowie

Abstrakt: Doswiadczenie przeprowadzono w sadzie do§wiadczalnym w Garlicy Murowanej koto Krakowa
w latach 2006 1 2008. W 2007 r. ze wzgledu na uszkodzenia przymrozkowe nie prowadzono badan. Obiektem
badan byly intensywnie plonujace czternastoletnic drzewa jabloni odmiany ‘Sampion’ na podkfadce
‘MM.106°. Celem doswiadczenia byla ocena wptywu etefonu oraz auksyny NAA na ilo$¢ i jakos¢ plonu.
Kazdy z preparatéw zastosowano w dwoch stezeniach: 200 i 600 mg etefonu - dm™ oraz 20 i 60 mg
NAA - dm™. Zabiegi wykonano w dwoch terminach: gdy opadio 80 % platkoéw korony oraz gdy zawiazek
z kwiatu krolewskiego osiagnal 12 mm srednicy. Drzewa kontrolne nie byly opryskiwane. Podczas zbioru
oceniano: plon ogdlny z podzialem na klasy wielkosciowe, powierzchni¢ jabtek pokrytych rumieficem,
jedrnosé miazszu, ekstrakt, ogdlng kwasowos¢ soku oraz pH.

Wszystkie zastosowane zabiegi spowodowaly zwigkszenie udziatu jabtek o $rednicy powyzej 7 cm oraz
zmniejszenie ilo§¢ owocoéw drobnych w ogélnym plonie. Stwierdzono réwniez dodatni wpltyw zastosowanych
zabiegoéw na wzrost kwasowosci soku owocow. W doswiadczeniu nie stwierdzono wpltywu zabiegéw na
stopien wybarwienia owocoéw oraz jedrno$¢ miazszu, pH oraz ogdlna kwasowos¢ ekstraktu soku. Zastoso-
wane preparaty nie miaty wplywu na zdolnos$¢ przechowalnicza owocow.

Stowa kluczowe: auksyna, NAA, etefon
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GROWTH AND PHOTOSYNTHETIC ACTIVITY
OF CUCUMBER AS INFLUENCED
BY DIFFERENT FERTILIZATION REGIMES

WZROST ORAZ AKTYWNOSC FOTOSYNTETYCZNA
ROSLIN OGORKA
W ZALEZNOSCI OD ZASTOSOWANEGO NAWOZENIA

Abstract: The investigation aimed at examining the changes in growth and photosynthetic activity of
greenhouse-grown cucumber plants subjected to various fertilization regimes. The plants were subjected to the
following treatments: standard fertilization with nutrient solution (control), foliar treatments with two
fertilizers (complete or nitrogenous), without any fertilization (non-fertilized plants). The plants without
fertilization were supplied with water only.

Lack of fertilization resulted in the reduction of net photosynthesis and leaf chlorophyll content. The
lowest rates of photosynthesis and leaf chlorophyll content were observed in the non-fertilized cucumber
plants. Also, retardation in plant growth was evident in this group of plants as a result of nutrient deficiency.
Foliar application of complete fertilizer (Agroleaf Power Total) had a pronounced effect on photosynthesis
and growth of cucumber plants. On the other hand, the plants sprayed with nitrogenous fertilizer (Basfoliar 36
Extra) assimilated with low intensity, and their vigor did not differ significantly from that recorded for plants
supplied with water only (non-fertilized).

Keywords: gas exchange, plant vigor, chlorophyll content, foliar fertilization

Fertilization is an important production factor influencing quantity and quality of
yield [1, 2]. The basic way of providing plants with essential nutrients is soil
fertilization in which mineral elements are taken up by plant root system. However, in
certain periods plants require substantially larger quantities of nutrients than available
from soil. In such cases foliar nutrition with both macro- and microelements is a method
of ensuring that a plant receives a balanced supply of nutrients. The advantage of foliar
nutrition is its rapid effect, limitation of nutrient losses, and restriction of environmental
pollution (lack of sorption or leaching).

! Department of Growth and Fruiting Regulation, Research Institute of Horticulture, ul. Konstytucji
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Formation and the functional state of the plant assimilation apparatus depends on
many factors including mineral nutrition. It was shown that carbon dioxide uptake was
reduced as a consequence of limited nutrient supply in several experiments [3, 4].
Despite the significant number of investigations on fertilization requirements of
cucumber [eg 5, 6], little is known about physiological characteristics of cucumber
plants under nutrient deficiency conditions.

The main objectives of the study were: (i) to examine the vegetative growth and
photosynthetic activity of greenhouse grown cucumber plants under conditions of low
availability of nutrients; (ii) to compare the effect of two types of foliar fertilizers:
‘complete fertilizer’ (containing nitrogen, phosphorus, potassium and micronutrients)
and ‘nitrogenous fertilizer’ (containing nitrogen and micronutrients) on growth and
physiological condition of cucumber plants.

Materials and methods

The experiment was conducted in a greenhouse of the Research Institute of
Pomology and Floriculture in Skierniewice, Poland in 2008. A cucumber (Cucumis
sativus L.) ‘Octopus’ cultivar was the object of the experiment. In May 2008 seeds were
planted in multicell trays (volume of one tray was 50 cm®) filled with a mixture of sand
and perlite (3:1). After sprouting, the plants were moved to pots of higher volume (1500
cm’) filled with a mixture of sand and perlite. Climatic conditions recorded in a
greenhouse chamber were as follows: temperature 16-24 °C during a day, 15-18 °C at
night, relative air humidity maintained at 80 %, PAR (photosynthetically active
radiation) irradiance minimum 100 pmol - m~ - s (during a cloudy day).

The following treatments were applied:

(i) standard fertilization (optimal nutrition, control) — normal fertilization used in
greenhouse cucumber production systems; plants were fertigated with nutrient solution
of the following content (in 1 dm®): 0.7 mg NHy-N, 224 mg NOs-N, 47 mg P, 313 mg
K, 170 mg Ca, 33 mg Mg, 0.84 mg Fe, 0.55 mg Mn, 0.33 mg Zn, 0.27 mg Cu, 0.048 mg
B and 0.048 mg Mo [7],

(i1) plants supplied with water only during the experimental period (without any
fertilization),

(ii1) foliar application of ‘complete fertilizer’; Agroleaf Power Total (20:20:20 + B,
Cu, Fe, Mn, Zn, Mo) commercial fertilizer was used in a concentration of 1 %,

(iv) Foliar application of ‘nitrogen fertilizer’; Basfoliar 36 Extra commercial
fertilizer (36.6:0:0:4.3 + B, Cu, Fe, Mn, Zn, Mo) was used in a concentration of 0.55 %.

During the experimental period, the plants treated with foliar fertilizers were supplied
with water only (no other fertilization was applied). Foliar application treatments were
initiated in July 2008 at the beginning of a blooming stage. Two sprayings with the
fertilizers were conducted at an interval of 5 days.

Five days after the first and the second foliar application (two sampling dates), an
assessment of physiological status of plants from all combinations was conducted using
the following methods:
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1. leaf gas exchange — for evaluation of photosynthetic CO, assimilation rates (net
photosynthesis); the gas exchange rate was measured using an LI-6400 portable
photosynthesis system (LI-COR, USA),

2. intensity of leaf greenness (chlorophyll content index, CCI); this parameter reflects
relative chlorophyll content in leaves; measurements were performed using CCM-200
(Opti-Sciences, USA) analyzer.

Assessment of plant morphology was done after finishing the experiment. Morpho-
logical characterization involved measurements of fresh and dry mass of stems and
leaves, number of leaves, and total surface area of leaves. The surface area was
measured using image analysis system (WinDIAS, Delta-T Devices, UK).

Each treatment combination was replicated twenty times (20 plants per treatment).
All data were statistically elaborated using analysis of variance (ANOVA), followed by
means separation using Duncan’s multiple-range t-test at p < 0.05. All calculations were
performed with the Statistica software package (StatSoft, USA).

Results and discussion

The gas exchange method was used to determine the photosynthetic activity of plant
leaves. Changes in gas exchange rate provide a quick and non-destructive method for
estimation of plant response to stress factors [8]. The photosynthetic activity of a plant
depends on many factors including mineral nutrition [4, 9].

The highest rates of net photosynthesis were observed in the leaves of cucumber
plants fertigated with nutrient solution (control) (Fig. 1). The intensity of photosynthesis
recorded for this group of plants was about three times higher compared with the
non-fertilized ones. Nutrient deficiency resulted in drastic reduction in net photo-
synthesis, as it was presented in case of plants supplied with water only (without any
fertilization).

Positive effect of spraying with foliar fertilizers on photosynthesis intensity of
cucumber plants was found. The most distinct effect was observed in plants treated with
complete fertilizer (Agroleaf Power Total), which showed higher level of net photo-
synthesis compared with the plants sprayed with nitrogen fertilizer (Basfoliar 36 Extra)
(Fig. 1). The photosynthetic rate of plants treated with complete fertilizer (measured
after the second application) was more than two times higher compared with the
non-fertilized plants. Analysis of photosynthesis after the first and the second foliar
application revealed that in case of complete fertilizer (Agroleaf Power Total) it was
more effective to use two applications (Fig. 1). Unlike this product, an increase in
photosynthetic intensity was found only after the first spray with nitrogen fertilizer
(Basfoliar 36 Extra). After the second application of this fertilizer net photosynthesis
did not differ significantly from the level recorded for plants sprayed with water only
(non-fertilized).

The reduction in photosynthetic activity of stressed plants can be attributed both to
stomatal (stomatal closure) and non-stomatal (impairments of metabolic processes)
factors. High nutrient availability may either increase or decrease the stomatal
conductance of plants [4, 10—11]. In our study, foliar fertilization had a slight effect on



38 Krzysztof Klamkowski et al

First sampling date Second sampling date
12
T standard error

< 10
o -
o
E o
)
o 8
€ e
=
k) 6
© ==
2
5 Bl
b= 4
2
2 == plm T
£
o 2

0

C W-F C-F N-F C W-F C-F N-F

Fig. 1. Net photosynthesis in the leaves of cucumber plants as influenced by fertilization regime and term of
sampling; C — control, W-F — without fertilization, C-F — complete foliar fertilizer, N-F — nitrogen
foliar fertilizer

stomatal conductance [data not presented]. Thus, an increase in net photosynthesis
observed in plants sprayed with complete fertilizer (Agroleaf Power Total) could be
attributed to the improvement of the activity of photosynthetic enzymes. The increase in
the enzyme activity due to application of mineral nutrients was noted by Siddiqui et al
[12].

CCI index was used to determine the relative content of chlorophyll, which is a basic
photosynthetic pigment in leaves [13, 14]. It was showed that content of photosynthetic
pigments can be decreased under conditions of mineral nutrient deficiency [15, 16].

Relative chlorophyll content in cucumber leaves was diversified depending on an
applied fertilization treatment. CCI was the highest in control plants (fertigated with
nutrient solution). Intensity of leaf greenness in this combination was more than 4 times
higher compared with non-fertilized plants (after the second application) (Fig. 2).

Among the plants treated with foliar fertilizers, higher CCI values were recorded in
cucumber sprayed with complete fertilizer (Agroleaf Power Total) (Fig. 2). The
increased amount of chlorophyll in leaves can explain an enhanced photosynthetic
activity observed in plants treated with this fertilizer.

Changes in amount of leaf chlorophyll are often regarded as mechanism of
photosynthetic acclimation to environmental factors [17]. In the present experiment,
alterations in leaf chlorophyll content could be a part of a regulative system of
photosynthesis to changes in plant nutritional status. An increase of chlorophyll content
in leaves was recorded also in other crop species treated with different foliar fertilizers
[18, 19].

Nutrient deficiency leads to reduced growth and productivity of plants [20, 21]. As
photosynthesis is a major determinant of plant productivity, it was no surprise that the
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Fig. 2. Intensity of leaf greenness (CCI index) of cucumber plants as influenced by fertilization regime and
term of sampling; C — control, W-F — without fertilization, C-F — complete foliar fertilizer, N-F —
nitrogen foliar fertilizer

optimally fertilized (control) plants were characterized by the most intensive growth
(Table 1).

Table 1
Growth related parameters of cucumber plants as influenced by fertilization regime
Stem mass [¢g] Leaf mass [g] Number Total leaf area
Treatment 2 -1
fresh dry fresh dry of leaves [em” - plant ']
Control 42.87 ¢ 3.10a 47.92b 7.04a 24.10b 3189.44 ¢
Without fertilization | 17.89 a 243 a 18.58 a 497a 1430 a 889.04 a
Complete fertilizer 31.15b 425b 42.03b 11.43b 23.30b 1761.16 b
Nitrogenous fertilizer | 23.28 ab 3.26 ab 2241 a 559a 16.10 a 1048.23 a

Means within the columns marked with the same letter are not significantly different (5 %) according to Dun-
can’s multiple range-test.

Foliar application of complete fertilizer caused a significant increase in fresh weight
of cucumbers stems and leaves (compared with the non-fertilized plants) (Table 1). The
lowest values of these parameters were found within the combinations in which no
fertilization or application of nitrogen fertilizer (Basfoliar 36 Extra) was applied. Foliar
application of Agroleaf Power Total fertilizer caused increased dry matter accumulation
(Table 1) indicating efficient nutrient uptake by treated plants. It was confirmed by
analysis of mineral element content of plant tissue [data not presented].

Similarly to the mass, the leaf area was dependent upon the applied fertilizer. The
total leaf area was the highest among the plants which were fertigated with nutrient
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solution (control) followed by those sprayed with Agroleaf Power Total. Plants from
these two combinations were also characterized by the highest average number of
leaves (Table 1).

Conclusions

Complete lack of fertilization resulted in drastic reduction in photosynthetic CO,
assimilation and severe retardation in plant vegetative growth. The study confirmed
high efficiency of complete foliar fertilizer in diminishing the negative effects of
nutrient stress. It seems that in case of plants grown under conditions of low nutrient
availabilities the positive impact of sprays with Agroleaf Power Total (complete
fertilizer) on plant performance was related to improved nutrition. Besides trace
elements, this fertilizer contains nitrogen, phosphorus and potassium. Basfoliar 36 Extra
fertilizer contains nitrogen and magnesium (and trace elements). An inadequate supply
of phosphorus and potassium resulted in decreased photosynthetic activity and poor
vigor of the plants treated with this fertilizer.

The results also support the potential usage of non-destructive methods to character-
ize selected plant physiological processes. As a result of applying these methods it was
possible to assess the physiological state of plants grown under nutrient stress and
evaluate the efficiency of application of different foliar fertilizers.

References

[1] Jablonski K. and Bernat E.: Progr. Plant Protect. 2001, 41, 299-305.

[2] Chwil S. and Szewczuk C.: Acta Agrophys. 2002, 85, 117-124.

[3] Scibisz K. and Lenz F.: Erwerbsobstbau 1993, 35(2), 46-49.

[4] Lima J.D., Mosquim P.R. and Da Matta F.M.: Photosynthetica 1999, 37, 113-121.

[5] Nowosielski O., Beresniewicz A., Jaszcolt E., Mijas M., Nowosielska B., Pawlak B., Smoter J. and

Szwonek E.: Acta Hortic. 1973, 27, 166-171.

]
]
1
1
1
1
1
] Richardson A.D., Duigan S.P. and Berlyn G.P.: New Phytol. 2002, 153, 185-194.
14] Van den Berg A.K. and Perkins T.D.: Forest Ecol. Manage. 2004, 200, 113-117.
] Suniaga Quijada J., Bonafous M. and Dumas Y.: Acta Hortic. 1992, 301, 159-164.
] Nenova V.: Gen. Appl. Plant Physiol., Special Issue 2006, 81-90.

] Anderson J.M., Chow W.S. and Park Y.IL.: Photosynth. Res. 1995, 46, 129-139.

] Doroshenko T. and Alyoshin E.: Acta Hortic. 2002, 594, 641-646.

1

1

]

Malaguti D., Rombola A.D., Quartieri M., Lucchi A., Inderst C., Marangoni B. and Tagliavini M.: Acta
Hortic. 2006, 721, 165-172.



Growth and Photosynthetic Activity of Cucumber... 41

WZROST ORAZ AKTYWNOSC FOTOSYNTETYCZNA ROSLIN OGORKA
W ZALEZNOSCI OD ZASTOSOWANEGO NAWOZENIA

Instytut Ogrodnictwa w Skierniewicach

Abstrakt: W do$wiadczeniu szklarniowym oceniono wzrost i aktywnos¢ fizjologiczna roslin ogérka w reak-
cji na zastosowane nawozenie. Kombinacje doswiadczalne obejmowaty rosliny nawozone dokorzeniowo
(fertygacja pozywka ptynna), rosliny nienawozone w trakcie trwania uprawy oraz rosliny nawozone dolistnie
jednym z dwoch nawozoéw: wielosktadnikowym (zawierajacym makro i mikroelementy) lub azotowym
(zawierajacym azot i mikroelementy). Rosliny nienawozone zasilane byly tylko woda.

Najmniejsze natgzenie fotosyntezy i zawartos¢ chlorofilu w lisciach wykazano w przypadku roslin
nienawozonych. U tej grupy roslin stwierdzono takze najsilniejsze zahamowanie wzrostu. Sposrod zastosowa-
nych nawozow dolistnych, wyzsza skutecznos¢ wykazano w przypadku nawozu wielosktadnikowego. U ros-
lin opryskiwanych tym nawozem stwierdzono wigksza zawarto$¢ chlorofilu w lisciach oraz wysokie wartosci
fotosyntezy netto. Rosliny traktowane nawozem wielosktadnikowym charakteryzowaly si¢ takze bardziej
intensywnym wzrostem.

Stowa kluczowe: wymiana gazowa, wzrost roslin, zawartos¢ chlorofilu, nawozenie dolistne
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EFFECT OF VEGETATION PERIOD
ON THE QUANTITATIVE RELATIONS
BETWEEN NUTRITIVE COMPONENTS IN THE LEAVES
OF ANTHURIUM (Anthurium cultorum Birdsey)

WPLYW OKRESOW WEGETACJI
NA STOSUNKI ILOSCIOWE MIEDZY SKEADNIKAMI POKARMOWYMI
W LISCIACH ANTURIUM (Anthurium cultorum Birdsey)

Abstract: The main objective of studies was the determination of the quantitative relations between macro-
and microelements in the leaves of anthurium (Anthurium cultorum Birdsey) cultivars: ‘Baron’, ‘Choco’,
‘Midori’, ‘Pistache’, ‘President’, ‘Tropical’ (Anthura B.V., the Netherlands) in the spring—summer and
autumn—winter periods. Plants were grown in expanded clay using drip fertigation with standard nutrient (in 1
dm?): < 14.0 mg NH,-N, 105.0 mg NO;-N, 31.0 mg P, 176.0 mg K, 60.0 mg Ca, 24.0 mg Mg, 48.0 mg SO,-S,
0.840 mg Fe, 0.160 mg Mn, 0.200 mg Zn, 0.220 mg B, 0.032 mg Cu and 0.048 mg Mo, with pH 5.5-5.7 and
EC 1.5-1.8 mS - cm .

Significant differences were found in the quantitative amounts between some nutritive components in
leaves, The leaves were fully developed, sampled from plants after freshly cut flowers. The mean N : K ratio
from the last 3 years of studies in the spring—summer period was 1.0 : 2.7 and in the period of light deficit
(autumn—winter period), it decreased to 1.0 : 2.4. In the same period, the relation Fe : Mn equaled 1.0 : 1.6 and
with the improvement of light conditions (spring—summer period), it increased to 1.0 : 2.2. In the majority of
the studied cultivars, there were significant changes in the Fe : Zn relation in autumn-winter and
spring—summer periods. The awareness of changes in the qualitative relation between macro- and
microelements is the basis for the modification of nutritive components in nutrients used for fertigation,
depending on the vegetation period and protecting the environment against excessive quantities of used
fertilizers.

Keywords: seasonal changes, plant analysis, nutrient ratio, macroelements, microelements, anthurium

Among the factors modifying the nutritive component content in plants and thereby
the quantitative relations between them, one can mention the chemical composition of
nutrient [1], plant age, cultivar [2] and the substrate [3, 4]. A modifying effect can be

! Department of Horticultural Plant Nutrition, Poznan University of Life Sciences, ul. Zgorzelecka 4,
60—198 Poznan, Poland, phone: +48 61 846 63 12, email: tkleiber@up.poznan.pl
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also exerted by the vegetation period with its light conditions involved in it such as real
insolation, photosynthetic radiation PAR, solar radiation [5, 6].

The objective of the presented studies was the cognition of the quantitative changes
between the nutritive components in the indicator parts of the standard cultivars of
anthurium (Anthurium cultorum Birdsey), depending on the vegetation period. The
autumn—winter and spring—summer periods have been distinguished. Consideration of
the mutual relations between the components in plants and nutrients used for fertigation
permits a more precise conclusion referring to the correctness of the applied fertiliza-
tion. Modification of the chemical composition of the nutrients used for fertigation,
basing on the knowledge referring to the cyclicity of quantitative relations between the
nutritive components in leaves permits to improve the nutrition and yielding of plants
and protect the environment against excessive quantities of used fertilizers.

Material and methods

Vegetative experiments were carried out in two production farms of Wielkopolska
specialized in anthurium growing. Greenhouses of “Venlo” type were equipped with
modern systems of fertigation, control and recording of climatic conditions, moisture
and air control, as well as energy-saving courtains. The object of studies consisted of
standard anthurium cultivars (Anthurium cultorum Birdsey): ‘Baron’,”Choco’, ‘Midori’,
‘Pistache’, ‘President’ and ’Tropical’ (Anthura B.V., the Netherlands) grown in
expanded clay (& 8-18 mm). Anthurium cuttings grown in pots of rockwool (75 cm)
were planted into beds in the greenhouse on the 8-11" August 2000. Studies were
started on 15" J anuary 2002 (on 2-year old plants) and they were terminated on the 30"
November 2004 (4-year old plants). One growing bed with dimensions 1.2 x 46 m,
covered 55.2 m%. On 1 m% 14 plants were growing. Agrotechnical treatments were
carried out according to the actual recommendations for anthurium.

Drip irrigation in a closed system without nutrient recirculation was applied. In the
experiment, the standard nutrient for drip irrigation for anthurium grown in inert
substrates was used (in 1 dm®): < 14.0 mg NH,-N, 105.0 mg NOs-N, 31.0 mg P, 176.0
mg K, 60.0 mg Ca, 24.0 mg Mg, 48.0 mg SO,-S, 0.840 mg Fe, 0.160 mg Mn, 0.200 mg
Zn, 0.220 mg B, 0.032 mg Cu and 0.048 mg Mo, with pH 5.5-5.7 and EC 1.5-1.8
mS - em ' [7]. The nutrient was distributed on beds by dripping lines with emitters
located in 20 cm intervals. Frequency and time of irrigation depended on the season of
the year. In summer, the fertigation was applied 6-8 times supplying 4-5 dm® of
nutrient per 1 m% while in winter, fertigation was applied 2-3 times using 2—3 dm®.
About 20 % of nutrient leaked out from the root zone. In order to provide an adequate
air and substrate moisture, the culture was sprinkled with rain water using micro-
sprinklers.

Samples of plant material were taken in the years 2002—2004 in 2-months intervals,
between the 14™ and the 16™ day of November, January and March (autumn—winter
period) and of May, July and September (spring—summer period). The indicator parts
were represented by fully developed leaves, taken from plants after freshly cut flowers
[8]. The leaves were randomly taken from the total surface area of beds, from plants
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characteristic of the given cultivar, which were healthy, well yielding and without any
symptoms of damages. One average sample of a given cultivar consisted of 15-20
leaves. The method of plant material mineralization and the determination of nutritive
components content was presented in the earlier papers of authors [5, 6]. Data referring
to the studied vegetation periods and the light conditions related to them, ie real
insolation, solar radiation (irradiation, PAR), their effect on plant yielding and on the
nutrition with macro- and microelements were discussed in the earlier works [5, 6].

Statistical analyses included quantitative relations between macro- and micro-
components in 3 successive years of six standard anthurium cultivars with the
consideration of two vegetation periods: spring—summer and autumn—winter periods.
A multidimensional analysis of variance was carried out for individual classification.

Results and discussion
Macroelements

A significant effect of vegetation periods on the change of quantitative N:K relations
in the plant indicator parts have been shown. The mean relation from 3 years between N
:P:K:Ca:Mg:S in the autumn—winter period was the following one: 1.0 : 0.2 : 2.4 :
1.0 : 0.2 : 0.2, while in the spring—summer period, the relations were: 1.0 : 0.2 :2.7 : 1.0
:0.2 : 0.2 (Table 1). Relations between N : P, N : Mg and N : S in the autumn—winter
season were comparatively stable. N : K ranges were from 1.0 : 2.2 (in ‘Baron’ cultivar)
to 1.0 : 2.5 (in ‘Midori’ and ‘Tropical’ cultivars).
Table 1

N:P:K:Ca:Mg: S relations in the indicator parts of anthurium in different vegetation periods

Autumn—Winter Period Spring—Summer Period

N‘P‘K‘Ca‘Mg‘S N‘P‘K‘Ca‘Mg‘S

Year

‘Baron’

2002 1.0 0.2 1.8 1.4 0.1 0.2 1.0 0.2 22 1.2 0.1 0.2
2003 1.0 0.3 2.5 1.2 0.2 0.2 1.0 0.2 2.7 1.2 0.1 0.3
2004 1.0 0.3 2.3 0.8 0.1 0.2 1.0 0.3 2.7 1.1 0.2 0.2
Mean | 1.0 0.3 22a 1.1 0.1 0.2 1.0 0.2 25b 1.2 0.1 0.2
‘Choco’
2002 1.0 0.2 2.0 1.2 0.2 0.3 1.0 0.2 2.6 1.2 0.2 0.2
2003 1.0 0.3 2.5 0.9 0.1 0.2 1.0 0.2 2.7 0.9 0.1 0.2
2004 1.0 0.3 2.4 0.7 0.1 0.2 1.0 0.3 2.5 0.9 0.2 0.3
Mean | 1.0 0.3 2.3 0.9 0.1 0.2 1.0 0.2 2.6 1.0 0.2 0.2
‘Midori’
2002 1.0 0.1 2.3 1.4 0.2 0.3 1.0 0.1 2.7 1.1 0.2 0.3
2003 1.0 0.2 2.7 1.0 0.2 0.3 1.0 0.2 3.1 1.0 0.1 0.3
2004 1.0 0.3 2.6 0.6 0.2 0.2 1.0 0.3 3.3 1.0 0.2 0.3
Mean | 1.0 02 | 25a 1.0 0.2 0.3 1.0 0.2 3.0b 1.0 0.2 0.3
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Table 1 contd.
Autumn—Winter Period Spring—Summer Period
Year N ‘ P ‘ K ‘ Ca ‘ Mg ‘ S N ‘ P ‘ K ‘ Ca ‘ Mg ‘ S
‘Pistache’
2002 1.0 0.1 1.9 1.2 0.2 0.2 1.0 0.1 2.4 1.1 0.2 0.2
2003 1.0 0.3 2.6 0.9 0.2 0.2 1.0 0.2 3.0 1.0 0.2 0.2
2004 1.0 0.3 2.6 0.7 0.2 0.2 1.0 0.3 2.7 0.9 0.2 0.2
Mean | 1.0 0.3 2.4 0.9 0.2 0.2 1.0 0.2 2.7 1.0 0.2 0.2
‘President’
2002 1.0 0.2 2.2 1.4 0.2 0.1 1.0 0.2 2.6 1.2 0.2 0.2
2003 1.0 0.3 2.7 1.1 0.2 0.2 1.0 0.2 2.8 1.2 0.2 0.2
2004 1.0 0.3 2.4 0.9 0.2 0.1 1.0 0.3 2.6 1.0 0.2 0.2
Mean | 1.0 0.3 2.4 1.1 0.2 0.1 1.0 0.2 2.7 1.1 0.2 0.2
‘Tropical’
2002 1.0 0.2 22 1.2 0.2 0.2 1.0 0.2 2.7 1.1 0.2 0.2
2003 1.0 0.3 2.8 1.1 0.2 0.2 1.0 0.3 3.0 1.0 0.1 0.2
2004 1.0 0.3 2.6 0.8 0.2 0.2 1.0 0.3 3.0 0.9 0.2 0.2
Mean | 1.0 03 | 25a 1.0 0.2 0.2 1.0 03 | 29b 1.0 0.2 0.2
Mean
2002 1.0 0.2 2.1 1.3 0.2 0.2 1.0 0.2 2.5 1.2 0.2 0.2
2003 1.0 0.2 2.6 1.0 0.2 0.2 1.0 0.2 2.8 1.0 0.1 0.2
2004 1.0 0.3 2.5 0.8 0.2 0.2 1.0 0.3 2.7 1.0 0.2 0.2
Mean | 1.0 02 | 24a 1.0 0.2 0.2 1.0 02 | 2.7b 1.0 0.2 0.2

Significant changes in N : K relations were shown in the autumn—winter period, in
comparison with the spring—summer period for the cultivars: ‘Baron’, ‘Midori’ and
‘Tropical’. With the improvement of light conditions there increased the N : K relation
for the mean value from the studied cultivars, from 1.0 : 2.4 (in the autumn—winter

period) to 1.0 : 2.7 (in the spring—summer period).

Table 2
Mutual relations between N : P : K : Ca : Mg : S in the indicator parts of anthurium
according to different authors (in each case, the accepted N content is 1.0)
Author N P K Ca Mg S
De Kreij et al [8]" 1.0 0.1 1.7 0.7 0.2 —
Higaki et al [9]° 1.0 0.1 1.1 0.6 0.2 0.1
Sonneveld and Vogt [4]° 1.0 0.1 1.7 0.5 0.2 0.1
Mills and Scoggins [2]° 1.0° 0.1 0.9 0.4 0.2 —
Mills and Scoggins [2]* 1.0° 0.2 1.0 0.7 0.3 —

a — leaves from plants after freshly cut flowers, traditional cultivation; b — traditional cultivation; ¢ — young
fully developed leaves of ‘Tropical” and ‘Cuba’ cultivars, polyphenolic foam; d — cultivation in volcanic slag;
e — young leaves in 90 % mature, pale green, 10 days before full maturity; f — mature leaves, dark green with
a growing in 3/4 mature flower; e—f: — cultivars: ‘Kaumana’, ‘Kozohara’, ‘Nitta Orange’, ‘Ozaki’.
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The determined relations between the nutritive components were compared with data
reported by other authors (Table 2). It was found that mutual N : P and N : Mg relations
were similar to those reported earlier [2, 8], while in case of N : S as reported by other
authors [4, 9]. The determined N : K relation (which in the autumn—winter period
showed 1.0 : 2.4 and in the spring—summer period changed to 1.0 : 2.7) was higher than
in the studies of other scientists. There was reported that a significant effect on the
relations between macroelements in plants were exerted by the chemical composition of
the applied nutrient [1].

Microelements

It was shown that vegetation periods exert an effect on the change in the quantitative
relations between Fe : Mn : Zn : Cu : B in the indicator parts of anthurium (Table 3).

Table 3
Fe : Ma : Zn : Cu : B relations in the indicator parts of anthuriu
min different vegetation periods
Autumn—Winter Spring—Summer
Year
Fe ‘ Mn ‘ Zn ‘ Cu ‘ B Fe ‘ Mn ‘ Zn ‘ Cu ‘ B
‘Baron’
2002 1.0 1.2 0.9 0.1 1.2 1.0 1.9 1.3 0.1 1.2
2003 1.0 1.6 0.8 0.1 1.3 1.0 1.6 1.0 0.1 1.2
2004 1.0 2.5 0.8 0.1 1.4 1.0 1.9 1.3 0.1 1.0
Mean 1.0 1.8 0.8a 0.1 1.3 1.0 1.8 1.2b 0.1 1.1
‘Choco’
2002 1.0 2.0 1.8 0.2 1.7 1.0 2.4 2.0 0.2 1.5
2003 1.0 2.1 1.3 0.1 1.8 1.0 2.6 14 0.2 2.1
2004 1.0 1.8 1.3 0.1 1.7 1.0 1.3 1.2 0.1 1.2
Mean 1.0 2.0 1.5 0.1 1.7 1.0 2.1 1.5 0.2 1.6
‘Midori’
2002 1.0 2.1 1.6 0.1 1.3 1.0 35 2.4 0.2 2.0
2003 1.0 22 1.2 0.1 1.7 1.0 29 1.4 0.1 2.0
2004 1.0 1.8 1.1 0.1 1.8 1.0 3.5 1.5 0.1 1.3
Mean 1.0 20a 13a 0.1 1.6 1.0 33b 1.8b 0.1 1.8
‘Pistache’
2002 1.0 2.0 1.3 0.1 1.4 1.0 1.8 1.4 0.1 1.5
2003 1.0 1.5 0.9 0.1 1.7 1.0 2.1 1.0 0.1 1.5
2004 1.0 1.3 0.7 0.1 1.3 1.0 1.2 0.9 0.1 1.2
Mean 1.0 1.6 1.0 0.1 1.5 1.0 1.7 1.1 0.1 1.4
‘President’
2002 1.0 1.1 1.2 0.1 0.8 1.0 22 1.8 0.1 14
2003 1.0 1.2 0.9 0.1 1.1 1.0 1.9 1.1 0.1 1.7
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Table 3 contd.

Autumn—Winter Spring—Summer

Year

Fe Mn Zn Cu B Fe Mn Zn Cu B
2004 1.0 1.2 1.0 0.1 1.4 1.0 1.4 1.0 0.1 1.0
Mean 1.0 12a 1.0a 0.1 1.1 1.0 1.8b 13b 0.1 1.4

‘Tropical’
2002 1.0 0.9 1.0 0.1 0.8 1.0 2.6 1.7 0.1 1.8
2003 1.0 2.1 1.2 0.1 1.3 1.0 2.4 1.0 0.1 1.6
2004 1.0 1.6 0.9 0.1 1.2 1.0 2.1 1.1 0.1 1.0
Mean 1.0 15a 1.0a 0.1 l.la 1.0 24b 13b 0.1 1.5b
Mean

2002 1.0 L5 1.2 0.1 1.1 1.0 2.4 1.7 0.2 1.6
2003 1.0 1.7 1.0 0.1 1.5 1.0 22 1.1 0.1 1.6
2004 1.0 1.7 1.0 0.1 1.5 1.0 1.9 1.2 0.1 1.1
Mean 1.0 1.6a 1.1 0.1 1.4 1.0 22b 1.3 0.1 1.4

The mean (from 3 years of studies) relation between microelements in the
autumn—winter period was: 1.0 : 1.6 : 1.1 : 0.1 : 1.4, while in the spring—summer period,
it was: 1.0 : 2.2 : 1.3 : 0.1 : 1.4. With the improvement of light conditions, there
followed a significant increase of the mean Fe : Mn relation (from 1.0 : 1.6 to 1.0 : 2.2).
Furthermore, for the majority of the studied cultivars, significant changes were shown
in the Fe : Zn relation between the autumn—winter period and the spring—summer
period. For the mean value from the studied cultivars, in the studied vegetation periods,
the relations Fe : Zn, Fe : Cu and Fe : B were similar. The quantitative Fe : Mn ratios
determined in our studies were similar to the literature data [2, 4, 9] (Table 4).

Table 4
Mutual relations between: Fe : Mn : Zn : Cu : B in the indicator parts of anthurium
according to different authors (in each case, the accepted Fe content is 1.0)
Autor Fe Mn Zn Cu B
De Kreij et al [8]" 1.0 1.1 1.3 0.1 0.9
Higaki et al [9]° 1.0 22 0.5 0.1 0.2
Sonneveld and Vogt [4]° 1.0 1.4° 0.7 0.1 0.8
Mills and Scoggins [2]° 1.0 25 13 0.3 0.3
Mills and Scoggins [2]° 1.0¢ 2.3 0.7 0.2 0.4

a — leaves from plants after freshly cut flower, traditional cultivation; b — traditional cultivation; ¢ — young
fully developed leaves of cultivars: ‘Tropical” and ‘Cuba’, polyphenolic foam, d — cultivation in volcanic slag;
e — ‘Cuba’ cultivar; f — young leaves, in 90 % mature, pale green, 10 days before full maturity; g — mature
leaves, dark green, with a growing in 3/4 mature flower; f-g — cultivars: ‘Kaumana’, ‘Kozahara’, ‘Nitta
Orange’, ‘Ozaki’.

The determined Fe : Zn relations were similar to the data reported by De Krejj et al
[8] and for the mature leaves stated by Mills and Scoggins [2]. A similar Fe : Cu
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relation was reported by other authors [4, 8, 9]. A wider relation Fe : B (than reported in
the literature) was found in anthurium leaves.

The quated relations between macroelements indicate that in leaves, there was
a greater amount of potassium than of nitrogen, while such relations do not correspond
with those found in the nutrient used for fertigation. In turn, in case of microelemens,
there was a greater participation of Mn, Zn and B than Fe, while in the nutrients, there
dominated the content of Fe. The above situation indicates that there is a need of studies
referring to the optimization of nutrient, particularly in the range of the potassium and
iron levels.

Modification of the chemical composition of nutrients used for fertigation basing on
the knowledge of the cyclicity of changes in the relations between nutritive components
in the indicator parts of plants may exert a positive effect on the yielding of production
crops.

Conclusions

1. A significant effect of vegetation seasons was found to be exerted on the change in
the quantitative N : K relations in plant indicator parts. In the spring—summer period,
the N : K relation was 1.0 : 2.7, while in the autumn—winter period, it was 1.0 : 2.4.

2. With the aging of plants, in the 3-year period of studies, a decrease of the N : Ca
relation was found in the plant indicator parts. In the spring—summer period, the N : Ca
relation showing 1.0 : 1.3 decreased to 1.0 : 0.8, while in the autumn—winter period, it
decreased from 1.0 : 1.2 to 1.0 : 0.9.

3. With the deterioration of light conditions, the Fe : Mn relation in plant indicator
parts decreased from 1.0 : 2.2 (in spring—summer period) to 1.0 : 1.6 (in autumn—winter
period).

4. For the majority of the studied cultivars, it was found that with the deficit of light,
there followed a significant decrease in the Fe : Zn relation in plant indicator parts.

5. Knowledge of the quantitative changes between nutritive components in plant in-
dicator parts, depending on the vegetation period, gives a basis for the modification of
the chemical composition of nutrients.
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WPLYW OKRESOW WEGETACJI NA STOSUNKI ILOSCIOWE
MIEDZY SKLADNIKAMI POKARMOWYMI
W LISCIACH ANTURIUM (Anthurium cultorum Birdsey)

Katedra Nawozenia Roslin Ogrodniczych
Uniwersytet Przyrodniczy w Poznaniu

Abstrakt: Glownym celem badan bylo okreslenie relacji ilosciowych migdzy makro- i mikroelementami
w lisciach anturium (Anthurium cultorum Birdsey) odmian: ‘Baron’, ‘Choco’, "Midori’, ‘Pistache’, ‘Presi-
dent’, “Tropical’ (Anthura B.V., The Netherlands) w okresie wiosenno-letnim i jesienno-zimowym. Rosliny
uprawiano w keramzycie z zastosowaniem fertygacji kroplowej pozywka standardowa zawierajaca (w 1 dm?):
< 14,0 mg N-NHy4, 105,0 mg N-NO3, 31,0 mg P, 176,0 mg K, 60,0 mg Ca, 24,0 mg Mg, 48,0 mg S-SO,, 0,840
mg Fe, 0,160 mg Mn, 0,200 mg Zn, 0,220 mg B, 0,032 mg Cu oraz 0,048 mg Mo, o pH 5,5-5,7 1 EC 1,5-1,8
mS - em .

Stwierdzono istotne zmiany w relacjach ilosciowych migdzy niektorymi sktadnikami pokarmowymi
w organa wskaznikowych, ktorymi byly w pelni wyrosnigte liScie, pobrane z roslin po $wiezo Scigtym
kwiecie. Sredni z 3 lat badan stosunek N : K w okresie wiosenno-letnim wynosit 1,0 : 2,7, a w okresie
deficytu $wiatta (okres jesienno-zimowy) malat do 1,0 : 2,4. W tym samym okresie stosunek Fe : Mn wynosit
1,0 : 1,6, a wraz z poprawa warunkow $wietlnych (okres wiosenno-letni) wzrastat do 1,0 : 2,2. W wigkszosci
badanych odmian zaznaczyly si¢ istotne zmiany stosunku Fe : Zn w okresie jesienno-zimowym i wiosen-
no-letnim. Znajomos$¢ zmian stosunkow ilosciowych migdzy makro- i mikroelementami stanowi podstawe do
modyfikacji zawartos$ci sktadnikow pokarmowych w pozywkach stosowanych do fertygacji w zaleznosci od
okresu wegetacji, chroniac srodowisko przed nadmiernym stosowaniem nawozow.

Slowa kluczowe: okresowe zmiany, analizy roslin, relacje migdzy sktadnikami, makroelementy, mikro-
elementy, anturium
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REACTION OF CORSICAN HELLEBORE
(Helleborus argutifolius Viv.)
TO DIFFERENTIATED NITROGEN FERTILIZATION

REAKCJA CIEMIERNIKA KORSYKANSKIEGO
(Helleborus argutifolius Viv.)
NA ZROZNICOWANE NAWOZENIE AZOTEM

Abstract: The effect of differentiated nitrogen fertilization on the growth and flowering of 1-year and 2-year
old plants of Corsican hellebore grown in pots in a greenhouse were defined. The applied substrate consisted
of highmoor peat mixed with mineral soil (1:1). In the first year of studies, the plants were cultivated in pots
of 1 dm’® volume, while in the second year — the plants were grown in pots of 2 dm® volume. In both years,
nitrogen fertilization was used in 4 doses and the fertilizer was applied before planting followed by
top-dressing.

Proper growth and flowering of Corsican hellebore was obtained when during the first year of growing
a total dose of N-fertilization was 440 or 660 mg - dm ™ of substrate and in the second year it was 300 to 600
mg - dm of substrate. Increasing nitrogen fertilization caused a greater influence on the plant flowering than
on the vegetative growth of Corsican hellebore.

Keywords: Corsican hellebore, nitrogen fertilization, pot cultivation

Wide assortment of perennial plants proposed for growing in containers includes
hellebores. They are distinguished by non-typical time of flowering (from early winter
to spring), by original flowers and beautiful leathery shining evergreen leaves. The
majority of studies are devoted to the propagation and forcing of white hellebore [1-4].
In scientific literature, there is no information referring to hellebore requirements in
relation to the substrate and fertilization. Szczepaniak et al [5] determined the optimal
dose of calcium carbonate and the concentration of multicomponent fertilizer for
top-dressing of the eastern hellebore. Adequate nitrogen fertilization exerts an influence

! Department of Horticultural Plant Fertilization, University of Life Sciences in Poznan, ul. Zgorzelecka 4,
60—198 Poznan, Poland, phone +48 61 846 6307, email: kozik@up.poznan.pl
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Poznan, Poland, phone: +48 61 848 79 37, email: jagaszcz@up.poznan.pl



52 Elzbieta Kozik et al

on plant quality and on the profitability of their production, but it is also important
because of ecological reasons. Schwenkel et al [6] called attention to the fact that
excessive nitrogen fertilization increases the susceptibility of hellebores to the infection
by black spot disease of leaves.

The objective of the presented studies was the determination of the effect of
differentiated nitrogen fertilization on the growth and flowering of one-year and
two-year old Corsican hellebore plants grown in pots.

Material and methods

Studies on Corsican hellebore (Helleborus argutifolius Viv.) were carried out in
a greenhouse in two growing cycles: from 27 April 2006 to 22 March 2007 and from
3 April 2007 to 1 April 2008.

In the first year of growing, the material consisted of seedlings produced in
Syngenta-Seeds Co. in multipallets. Plants in the phase of 3—4 leaves, 4 cm high, were
planted on the 27" of April 2006 into pots of 1 dm® volume. The applied substrate
consisted of highmoor peat from Lithuania mixed with mineral soil (light loamy sand)
in voluminal proportion 1:1. The substrate was limed with CaCOj; to pH 6.5, on the
basis of neutralization curve. Nitrogen was applied in 4 variants, in which one part of
the component was introduced into the substrate before planting and the other part —
during cultivation. Before planting, the nitrogen doses: 50, 100, 150 and 250 mg - dm
of substrate in the form of NH4NO; were applied. After two months of growing,
top-dressing with nitrogen was started. It was used ten times with NH4;NO; solutions in
the concentrations of 0.05; 0.1; 0.15 and 0.25 %, by introducing: 170, 340, 510 and 850
mg N - dm* of substrate, respectively. Moreover, before planting into pots application
of 100 mg of phosphorus in the form of Ca(H,PO,),"H,O; 200 mg of potassium in the
form of K,SO, and 150 mg of polychelate LS-7 per 1 dm® was used. The substrate was
prepared for each pot individually.

In the second cycle of studies, the material consisted of plants for which, in the first
year of studies, the fertilization was not differentiated. On the 3 of April, 2007, the
plants were transplanted into pots of 2 dm® volume filled with the same substrate as in
the first cycle of studies. Nitrogen, before plantation, included the following doses: 100,
200, 300 and 400 mg N - dm > of substrate and additionally twice (18 July and 6™
September), the following doses were applied in top-dressing: 50, 100, 150 and 200 mg
N - dm of substrate. The other mineral components were applied in the same amounts
as in the first cycle of growing.

One combination included 16 plants as replications. In each cultivation cycle, in
autumn, all plants were measured: the height of plants, the number of leaves and the
yields of fresh and dry matter of aboveground part of plants were determined. In plant
dry matter, after mineralization, the total content of macroelements was determined: N —
by Kjeldahl method, P — by vanadomolybdate method, K, Ca — by flame photometry
and Mg — by atomic adsorption method (AAS). Chemical analyses were done in the
mean samples of plant material in the two replications.



Reaction of Corsican Hellebore (Helleborus argutifolius Viv.)... 53

In spring, plant flowering was estimated (number of buds and flowers), while in the
second year of growing, also flower diameters were measured.

Results of measurement of each plant were statistically elaborated. Analysis of
variance for one-factorial experiments was carried out. After the determination of
significant differences, the mean values were grouped according to Duncan’s test at the
significance level of o = 0.05.

Results and discussion

Grantzau [7] included hellebores to the group of perennial plants with small
requirements in reference to nitrogen. On the other hand, Schwenkel et al [6] argued
that in the growing of hellebores in pots, nitrogen should be used in the dose of 200 mg
N - dm™ of substrate and afterwards, top-dressing should be applied every 10 days in
the form of fertilizer solutions in a concentration not exceeding 0.15 %. In our own
studies, after 5 months of growing in 1 dm’ pots, under the influence of increasing
nitrogen fertilization, the young Corsican hellebores did not differ significantly in
reference to their number of leaves (Table 1).

Table 1

Growth of Corsican hellebores in the first year of cultivation in pots, depending on the fertilizer dose

I\I[ﬁzge;lrgcg]se Helgl[lzr(;f]plant Number of leaves l;rge.slglr;;tfle]r E; r.yprlx;;:lttt:clr]
50 +170* =220 11.1 b** 8.6a 21.0a 55a
100 + 340 = 440 11.9b 93a 313b 92b
150 + 510 = 660 11.2b 93a 309b 9.0b
250 + 850 = 1100 88a 85a 240a 72a

* Nitrogen amount applied in top-dressing; ** Mean values followed by the same letters do not differ signifi-
cantly at o = 0.05.

After the application of the doses from 220 to 660 mg N - dm™, the plants reached a
similar height (11.1-11.9 cm), while in the substrate which was most intensively
fertilized with nitrogen (1100 mg - dm™), the plant height was significantly lower. The
fresh and dry matter weights of plants grown with the use of nitrogen doses of 440 and
660 mg - dm™ were significantly greater, in comparison with the weights of plants
grown in the substrates with the least and the most intensive nitrogen fertilization.

Nitrogen fertilization exerted an influence on the chemical composition of plants
(Fig. 1).

Plants of hellebores with the highest mass contained: 1.56—1.72 % of nitrogen;
0.14-0.17 % of phosphorus; 0.48-0.50 of potassium; 2.85-2.92 % of calcium;
0.18-0.25 % of magnesium. The application of 250 mg N - dm ™ of substrate and the
tenfold top-dressing with a 0.25 % solution of ammonium nitrate was connected with a
significant increase of mineral components in the aboveground part of plants.

In the second year of Corsican hellebore cultivation, the total doses of nitrogen per
1 dm® of substrate were smaller than in the first year of studies, but the plants had for



54 Elzbieta Kozik et al

[% in d.m.]

nitrogen phosphorus potassium calcium magnesium

Fig. 1. Effect of nitrogen fertilization on the content of mineral components in the plants of Corsican
hellebore in the first year of cultivation; Nitrogen dose [mg N - dm™ of substrate]: I — 50 + 170 = 220;
II — 100 + 340 = 440; III — 150 + 510 = 660; IV — 250 + 850 = 1100

their disposal a twice greater volume of substrate. No significant effect of nitrogen
fertilization was found on the plant height, on the number of leaves and on fresh and dry
matter of plants (Table 2).

Table 2

Growth of Corsican hellebore in the second year of cultivation in pots, depending on nitrogen doses

N[ﬁ(;ge:;l&(;]se Helg}[l::r(;f]plant Number of leaves ]Erge.slil)lr:IIatEt{c]r [Z r?/prlr;ttt:clr]
100 + 50* = 150 14.0 a** 163 a 355a 11.7a
200 + 100 =300 139a 185a Sl.la 154a
300 + 150 =450 145a 164 a 509 a 158a
400 + 200 = 600 149a 16.8 a 504 a 153a

* Nitrogen amount applied in top-dressing; ** Mean values followed by the same letters do not differ signifi-
cantly at oo = 0.05.

In spite of the absence of statistically confirmed differences between plants from
substrates where the doses of 150-600 mg N - dm™ were used, it must be stressed that
the lowest fresh and dry matter content was shown by plants fertilized with the dose of
150 mg N - dm™.

Increased N doses in the substrate caused an increase in the contents of nitrogen,
phosphorus, calcium, magnesium but a decrease in the potassium content in the plants
of hellebore (Fig. 2).

The contents of macroelements were the following ones: 0.97-1.48 % nitrogen;
0.17-0.24 % phosphorus; 0.53-0.93 % potassium; 3.42—4.65 % calcium and 0.14-0.26 %
magnesium. So far, there is no information referring to the optimal contents of mineral
components in the plants of hellebores. Only with some perennial plants cultivated for
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[% in d.m.]

nitrogen phosphorus potassium calcium magnesium

Fig. 2. Effect of nitrogen fertilization on the content of mineral components in the plants of Corsican
hellebore in the second year of cultivation in pots; Nitrogen doses [mg N - dm™' of substrate]: I — 50 +
+ 170 = 220; 11 — 100 + 340 = 440; III — 150 + 510 = 660; IV — 250 + 850 = 1100

cut flowers the critical contents of nitrogen and potassium in leaves were determined

[8-10].
Measurements referring to the number of flowers and buds are shown in Table 3.

Table 3
Flowering Corsican hellebores grown in pots, depending on the nitrogen dose
1% year 2" year

Nitrogen dose Number of buds Nitrogen dose Number of buds | Diameter of flowers
[mg - dm™] and flowers [mg - dm™] and flowers [em]
50 +170* =220 11.0 a** 100 + 50 = 150 79a 57a

100 + 340 = 440 15.7b 200 + 100 =300 223b 6.3 ab

150 + 510 = 660 15.8b 300 + 150 =450 289¢ 6.4b
250 +850=1100 — 400 + 200 = 600 37.5d 6.4b

* Nitrogen amount applied in top-dressing; ** Mean values followed by the same letters do not differ signifi-
cantly at oo = 0.05.

In both years of studies, the smallest number of buds and flowers were created by
plants grown in the substrate with the smallest nitrogen dose. In the first year of studies,
the dose of 1100 mg N - dm > showed to be too high and it caused the dying of plants.
In one-year old plants, the number of buds and flowers did not differ significantly after
the application of nitrogen in the doses of 440 and 600 mg - dm . On the other hand,
the 2-year old plants showed a stronger reaction to nitrogen fertilization. With increased
N doses, the number of buds and flowers was significantly larger. Plants grown in the
substrate with the dose of 600 mg N - dm flowered more abundantly, they showed
about 15 buds and flowers more than plants grown in the substrate with the dose of 300
mg N - dm ! of substrate. The number of buds and flowers on plants under the influence
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of the increasing N doses, increased from 7.9 to 37.5. Schmiemann [11] reported in her
characteristics of Helleborus argutifolius that this species created 38 or more flowers.
However, the quoted authoress did not indicate the age of plants. Zuraw and Denisow
[12] called attention to the fact that the number of flowers, depending on the Helleborus
species, may count from 28 to as many as 320 pcs on one plant. Also the flower
diameter depended on the dose of nitrogen (Table 3). Flowers of plants cultivated in the
substrate with the dose of 150 mg N - dm™ were significantly smaller than the flowers
grown in the substrate with the doses of 450 and 600 mg N - dm™. Independent of the
applied N dose, the flower diameter was greater (5.7-6.4 cm) than the diameter reported
by Schmiemann [11] for Corsican hellebore (5 cm).

Conclusions

1. Abundantly flowering Corsican hellebore with a high fresh matter mass can be
obtained in the first year of cultivation in pots after the application of nitrogen doses
from 100 to 150 mg - dm™ of substrate followed by tenfold top-dressing with
0.1-0.15 % solution of ammonium nitrate (total 440-660 mg N - dm™).

2. Proper growth and flowering of Corsican hellebore can be obtained in the second
year of cultivation by supplying during the whole vegetation period of 300 to 600 mg
N - dm™ of substrate.

3. Increasing nitrogen fertilization exerts a stronger influence on flowering than on
the vegetative growth of Corsican hellebore.
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REAKCJA CIEMIERNIKA KORSYKANSKIEGO (Helleborus argutifolius Viv.)
NA ZROZNICOWANE NAWOZENIE AZOTEM

! Katedra Nawozenia Roslin Ogrodniczych, ? Katedra Ro$lin Ozdobnych
Uniwersytet Przyrodniczy w Poznaniu

Abstrakt: Okreslono wplyw zréznicowanego nawozenia azotem na wzrost i kwitnienie jednorocznych i dwu-
letnich roslin ciemiernika korsykanskiego uprawianego w doniczkach w szklarni. Jako podtoze zastosowano
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torf wysoki zmieszany z gleba mineralng (1:1). W pierwszym roku rosliny uprawiano w doniczkach
o pojemnosci 1 dm’, a w drugim roku o pojemnosci 2 dm®. W obu latach badan nawozenie azotem
zroznicowano do czterech dawek, stosujac sktadnik przed sadzeniem roélin i pogtéownie.

Prawidlowy wzrost i kwitnienie ciemiernika korsykanskiego uzyskano po dostarczeniu roslinom w ciagu
catego okresu wegetacji w pierwszym roku uprawy 440 lub 660 mg N - dm ™ a w drugim od 300 do 600 mg
N - dm™ podtoza. Wzrastajace nawozenie azotem silniej wplyneto na kwitnienie niz na wzrost ciemiernika
korsykanskiego.

Stowa kluczowe: ciemiernik korsykanski, nawozenie azotem, uprawa w doniczkach
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ANTIOXIDATIVE PROPERTIES IN GRAPES
OF SELECTED CULTIVARS GROWN IN POLAND

ANTYOKSYDACYJNE WEASCIWOSCI WINOGRON
WYBRANYCH ODMIAN UPRAWIANYCH W POLSCE

Abstract: Ten grape-vine cultivars (5 white and 5 red skinned) were cultivated in south-east region of Poland.
Samples were frozen and for analyzes extracts in 80 % MeOH were prepared. Contains of total phenols,
phenylpropanoids, flavonols and anthocyanins were measured, using UV/VIS method. Additionally, radical
scavenging activity with DPPH® was determind.

In red skinned fruits content of phenolic compounds was higher than in white skinned ones. Cultivars
showed great diversity: the highest level of phenolics was observed in ‘Heridan’ and the lowest in ‘Bianca’
cultivars.

Radical scavenging activity (RSA) was also very high in red grapes, especially in skin (over 90 % of free
radical was neutralized). Antioxidant activity of white fruit cultivars was ranged between 9 and 50 %
(‘Bianca’ and skin of ‘Jutrzenka’ cultivars, respectively).

In analyzed tissue correlation (r = 0.70) between total phenolics and RSA was found.

Keywords: grapes, antioxidant activity, phenolic compounds

The great number of civilization diseases can be initiated by the free radical action,
particularly by the ROS (Reactive Oxygen Species) which are generated either during
the normal cell function or are the products of environment pollution. Plant tissues are
especially rich in the “defense system” against ROS, their antioxidant capacity is
closely associated with activity of “free radical scavenging enzymes” (superoxide
dismutase, catalase, peroxidases) and with the contents of antioxidant substances,
mainly phenolic compounds, carotenoids, tocopherols and ascorbic acid [1].

High biological activity both of fresh grapes and wine produced from them is mostly
due to polyphenolic substances. Jeandet et al [2] found correlation between red wine
consumption and reduction of coronary heart diseases. Low mortality caused by heart
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diseases among French people drinking regularly moderate amounts of red wine,
despite of their high-fat diet, is called the “French paradox” as described by WHO
authorities.

According to Vinson et al [3] the level of phenolics determined in grape fruits,
approximately the same as in strawberries, blueberries and plums, strongly depends on
grape vine species: red grapes have more phenolic compounds than the white ones. Red
wine is considered as a particularly rich source of phenolics [4]. Among phenol
compounds found in it the most active antioxidants are phenolic acids (gallic, gentisic,
vanillic), trihydroxystilbens (cis and trans resveratrol) and flavonols (catechin, epica-
techin, quercetin) [5]. Resveratrol, identified during the last years seems to be especially
important in human diet as regulator of lipid metabolism [6] as well as a bacteriostatic
and anticancerogenic agent [7]. The same phenolic substances were observed in fresh
fruits, particularly in the red ones, however, antioxidant activity measured in fruit
extracts was slightly lower in comparison with wines obtained from them. Content of
total phenols, flavonols and anthocyanins was estimated in various parts of fruits of
popular in Italy cultivar Negro Amaro: the highest level of flavonols was observed in
seeds while that of anthocyanins was found in the skin [8].

The aim of the present study was to evaluate antioxidative ability of ten selected vine
cultivars, grown in Poland. Total polyphenolics, cinnamic acid derivatives, flavonols
and anthocyanins were estimated in different parts of fruits. Additionally radical
scavenging activity (RSA) was measured.

Material and methods

The experiment was carried out in 2006-2007. The grape fruits were collected in the
Golesz vineyard situated in south-east Poland, in Jaslo environment. Ten grape-vine
cultivars, five white and five red skinned, mostly cultivated in Polish climate conditions,
were taken for the experiment (Table 1).

Fruits were harvested in the second half of September 2006, their technological
maturity was estimated by refractometric measurement of sugar level and by determina-
tion of titration acidity, expressed as the tartaric acid content.

For laboratory analyses three randomly chosen samples of fruits from each cultivar
were taken. Fruits were divided into skin and flesh + skin (after the removing of seeds),
in fruits of four selected cultivars flesh + skin together with seeds was analyzed. For the
determination of phenolic compounds and radical scavenging activity (RSA) 2.5 g
samples were frozen and kept at —20 °C until analyzed.

Tissue extracts in 80 % methanol were prepared and used for all measurements.

Determination of total phenols, phenylpropanoids (derivatives of cinnamic acid) and
anthocyanins was based on UV/VIS spectrum measurements, according to the method
of Fukumoto et al [9].

Radical scavenging activity was detected with DPPH® (1, I-diphenyl-2-picrylhydrazyl)
described by Pekkarinen et al [10]. In these methods the stable free radical is neutralized
by antioxidants present in tissue extracts and the decrease of absorbance is measured.
RSA is expressed as percent of free radical neutralized for 5 minutes.
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The obtained results were statistically verified by two factor analysis of variance,
using Duncan’s test for the significance level p = 0.05.

Results

According to the presented data (Table 1) content of total phenolics was considerably
higher in red fruits in comparison with the white ones. These compounds determined in
the skin and in flesh + skin of white grapes did not differ significantly, while in the skin
of red fruits their concentration distinctly exceeded level of flesh + skin.

Table 1
Analyzed antioxidant parameters
Phenolic compounds
. Part DPPH [mg- 100 g f.m.]
Grape | Cultivar £ frui neutralization
of fruit [%] Total Phenyl- Flavonols Antho-
phenols propanoids cyanins
Muskat F+S*| 260+23 130.0+ 6.4 293+1.9 36.0+2.1 83103
Odeski S 41.0+25 183.7+9.8 45.0+3.2 70.0 £ 8.2 8.7+0.9
. F+S 11.6 0.4 63.0+2.0 12.0+0.0 13.5+£0.5 35405
Hibernal
S 30.7+0.9 108.7+£0.9 24.0+0.6 41.7+£2.0 7.0+0.0
White |Seyval F+S 83+2.0 405+1.5 7.5+0.5 7.0+0.0 3.0£0.0
skinned | Blanc S 344419 106.7+15.3 153+0.9 20.0+2.5 6.3£0.9
fruit F+S | 192+13 86.3+4.3 19.7+0.3 21.0+1.2 57403
Jutrzenka
S 28.7+1.1 133.0+7.4 29.0+2.6 46.0+5.2 8.0+0.6
F+S 9.2+0.4 40.7+1.5 6.7+0.3 6.7+0.3 23403
Bianca S 156+1.7 79.0+4.6 157115 22.7+£23 53403
WH* | 91.8+0.2 440.0 £ 16.7 18.0+ 0.6 16.3+0.7 10.3+0.3
F+S 41.8+1.3 306.3+27.2 313+1.8 29.0+2.1 |138.7+8.4
Marechal
Foch S 84.1+£0.9 668.7 +28.3 61.0+3.1 68.7+3.4 [2953+11.3
w 84.5+1.0 557.0+27.5 353+23 357+1.7 |133.0+2.5
F+S 61.2+0.7 484.0 £24.3 35.0+4.0 450+2.6 [2303+7.8
Frontenac S 854404 | 2065.0+£37.2 | 156.0+3.2 202.0+44 |976.7+£11.7
Red w 78.8+0.9 1309.0 +60.0 | 271.7+£11.6 947+23 |531.7£169
skinned F+S 65.9+0.6 570.3+7.9 51.7+4.1 63.0+44 |273.7+13.9
fruit Heridan S 79.0+0.3 2034.0 £2.6 178.0 £ 2.1 2347+1.5 |986.3+69
w 87.6+0.9 855.3+38.2 62.7+2.9 75.7+74 |281.0+8.7
Rond F+S 82.5+0.2 686.7 +50.7 62.3+3.4 77.0+7.6 |291.7+£21.7
ondo
S 85.8+0.3 | 1893.7+125.6| 137.7+17.0 | 161.7+22.4 |925.7+94.4
Swenson | F+S 26.1+0.8 117.0+£3.2 18.3+£0.7 213+1.2 373+1.8
Red S 705+ 1.7 3457126 36.7+0.9 56.0+3.8 79.0+31.0

* F — flesh; S — skin; ** W — whole fruit.
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The total phenol level was strongly differentiated among cultivars (Table 1), the
highest and the lowest contents were observed in ‘Heridan’ (red grapes) and in ‘Bianca’
(white grapes) cultivars, respectively.

Contents of phenylpropanoids, flavonols and anthocyanins were higher in red grapes
than in the white berries, similarly, as in the case of total phenols more of these
constituents were determined in the skin as compared with flesh + skin (all red and most
of white cultivars) (Table 1). The great variability among cultivars was observed for all
groups of phenolic compounds, the highest and the lowest contents of phenyl-
propanoids, flavonols and, particularly, anthocyanins were found in fruits of ‘Heridan’
and ‘Bianca’ cultivars, respectively.

In the case of whole berries (with seeds) of four cultivars (white ‘Bianca’ and red
‘Heridan’, ‘Marechal Foch’, ‘Frontenac’) the level of total phenols was significantly
higher than that of either flesh + skin (all cultivars) or for skin (‘Bianca’). This
dependence for phenylpropanoids, flavonols and anthocyanins was observed only in
berries of ‘Frontenac’ cv. (Table 1).

Radical scavenging activity determined by DPPH method was very high and in fruits
of red cultivars was much higher than in the white ones (Table 1). Similarly as in the
case of phenolics, RSA in the skin exceeded that of flesh + skin.

The highest ability of free radical neutralization (over 90 %) obtained by DPPH was
noticed in the skin of most of red fruits, the lowest values (about 50 %) were observed
in flesh + skin of ‘Swenson Red’ cv.

In white berries the considerable variability of RSA was found, the highest and the
lowest values were noticed in the skin of ‘Jutrzenka’ (50 %) and in flesh + skin of
‘Bianca’ (9 %).

In berries of white ‘Bianca’ cultivar analyzed together with seeds high RSA (91 %)
measured by DPPH method exceeded markedly the value of skin and flesh + skin. In
three red cultivars free radical neutralization of whole fruits was as high as RSA of skin.

Discussion

According to the presented results the great variability of antioxidative properties
depended both on color of berries and on the part of fruit. For the skin of red berries the
radical scavenging activity measured by DPPH method was very high and reached 90 %
of the free radical neutralization while in the case of white fruits it was distinctly lower
(50 %).

The main compounds responsible for high antioxidant activity in grapes are
phenolics, especially anthocyanins [2—4, 9]. In the present study dark grapes contained
more polyphenols than the white ones which was in agreement with the findings of
Vinson et al [3]. The highest level of total phenols (2000 mg - 100 g™ fresh mass) was
observed in the skin of red grapes such as Frontenac, Heridan and Rondo and was
accompanied by the high concentration of anthocyanins (over 900 mg - 100 g’1 fresh
mass). In the skin and flesh of white berries the content of total phenolics was much
lower (about 100 mg - 100 g fresh mass) with a poor level (under 10 mg - 100 g
fresh mass) of anthocyanins.
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According to Meyer et al [11] the relative antioxidant capacity of grape berries and
wines is correlated with the level of anthocyanins. In the present investigations the
highest correlation (r = 0.983) between total phenolics and RSA was found in white
grapes (Fig. 1), for the red ones this value was medium (r = 0.590) (Fig. 2) while the
correlation coefficient for all cultivars was r = 0.720, hence, phenol constituents of
various structure seem to be associated with neutralization of free radicals.
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Fig. 1. Correlation between antioxidant activity and phenolics in white skinned grapes
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Fig. 2. Correlation between antioxidant activity and phenolics in red skinned grapes
Special attention should be paid to the analysis of whole fruits (including seeds). The

antioxidant activity determined either in white (‘Bianca’) or in red (‘Heridan’,
‘Marechal Foch”) was very high (over 90 % of free radical neutralization). According to



64 Maria Leja et al

the above findings seeds of grape berries seemed to be a rich source of antiradical
substances. Similarly, Negro et al [8] who analyzed phenolics in grape seeds found very
high content (8.58 g - 100 g_1 dry matter) of these compounds.

In general, grape berries of all cultivars grown in Polish climate conditions are rich in
health-promoting substances, particularly those of dark color, and may be recommended
in the human diet.

Conclusions

1. Grape berries of cultivars grown in Poland are rich in phenolic antioxidants of
various structure.

2. In dark berries the amount of phenolic substances is higher in comparison with the
white ones.

3. Skin and seeds have more antioxidants than flesh tissue.

4. Radical scavenging activity is strongly correlated with level of phenolics.
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ANTYOKSYDACYJNE WEASCIWOSCI WINOGRON
WYBRANYCH ODMIAN UPRAWIANYCH W POLSCE

Katedra Fizjologii Roslin, Wydziat Ogrodniczy
Uniwersytet Rolniczy w Krakowie

Abstrakt: Dziesi¢g¢ wybranych odmian winogron (5 o bialej i 5 o czerwonej skorce) uprawiano w potud-
niowo-wschodnim regionie Polski. Z zamrozonych probek owocow przygotowywano ekstrakty w 80 %
metanolu, w ktorych oznaczano sume¢ zwiazkow fenolowych, fenylopropanoidy, flawonole i antocyjany
stosujac metode UV/VIS. Ponadto oznaczono zdolnos¢ neutralizowania wolnego rodnika za pomoca metody
z DPPH".

W owocach o czerwonej skorce zawarto$¢ sktadnikéw fenolowych byta wigksza niz w owocach o skorce
biatej. Stwierdzono znaczne zréznicowanie odmianowe: najwyzszy poziom fenoli obserwowano w odmianie
Heridan, najnizszy w odmianie Bianca.
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Aktywnos¢ antyrodnikowa (RSA) byfa réwniez bardzo duza w czerwonych winogronach, szczegdlnie
w skorce (ponad 90 % neutralizacji wolnego rodnika). W przypadku odmian o skdrce biatej aktywno$é
antyoksydacyjna byla zawarta w przedziale 9-50 % (Bianca i skorka odmiany Jutrzenka).

W analizowanych tkankach stwierdzono dodatnia korelacj¢ (r = 0.70) pomigdzy sumg zwiazkow
fenolowych a RSA.

Slowa kluczowe: winogrona, aktywnos¢ antyoksydacyjna, zwiazki fenolowe
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Abstract: Studies were conducted in the years 2002-2004 at Experimental Station of Faculty of Horticulture
in Garlica Murowana near Krakow. The experiment was set up in November 2000. Six strawberry cultivars
were investigated:.

Strawberry plants started yielding in year 2002. In the first year of cropping ‘Elkat’, ‘Kent’ yielded at the
highest level. In year 2003 every cultivars gave the smallest yield. In the third year of cropping ‘Kent’ and
‘Selva’ cultivars showed the highest yields. For ‘Elkat’ and ‘Senga Sengana’ the highest unmarketable fruit
crop was recorded. The differences in one fruit mass from the first and late crops were the biggest for ‘Elkat’,
‘Gerida’ and ‘Kent’ in years 2002 and 2003. For ‘Gerida’, ‘Elsanta’ and ‘Kent’ the highest percentage of fruit
of diameter 25 mm was recorded.

Keywords: yield structure, vitamin C, anthocyanins

In Poland recently production of strawberry is the subject of some changes, in respect
of number of grown cultivars. The studies on strawberry plants are conducted both in
Poland and abroad [1-9]. New cultivars listed in index of cultivars every year are
evaluated not only in the respect of morphological and usable features but the ability for
fruit cropping as well.

Material and methods

The experiment was set up in November 2000 at the Experimental Station of Faculty
of Horticulture in Garlica Murowana near Krakow. The following strawberry cultivars
were the subject of experiment: ‘Elkat’, ‘Elsanta’, ‘Gerida’, ‘Kent’, ‘Selva’ and ‘Senga

! Department of Pomology and Apiculture, University of Agriculture in Krakow, al. 29 Listopada 54,
31-425 Krakoéw, Poland, phone: +48 12 662 5229, email: mmalodobry@ogr.ar.krakow.pl
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Sengana’. Young fresh strawberry plants were supplied by the Fruit Research
Experimental Station in Brzezna. The experiment was carried out using the method of
randomized blocks in an independent design in four replications, one replication
consisted of 15 plants. The field was cover with black non-woven mulch, the plants
were spaced 25 x 40 cm apart (area of one plot was 1.5 m?). During the draught the
plants were irrigated. The studies were carried out in the years 2002-2004.

The following measurements were completed: marketable yield (for ‘Selva’ sum of
early and late crop), the yield of unmarketable fruit (ie fruit with disease symptoms,
little and misshapen fruit), the mass of 100 fruits, percentage of fruit of equatorial
diameter 22 and 25 mm (on the base of 100 fruits from each harvest). Following
chemical analysis of fruit were performed within the fullness of time of harvesting with
following methods: L-ascorbic acid content — acc. to PN-A-04019:1998, total soluble
solids by refractometric measurement — acc. to PN-EN 12143:2000, pH of fruit juice by
potentiometry — acc. to PN-90/A-75101/06, titratable acidity — acc. to PN-EN
12147:2000), anthocyanins — differentiated pH method calculated onto pelargonidyn-
-3-glucoside [10].

Results were statistically verified at using analysis of variance, the significant
differences were evaluated using the Duncan test at p = 0.05.

Results and discussion

In the discussed years both total precipitation and precipitation in April, May and
July was lower than ten years’ value (Table 1).

Table 1

Total precipitation, mean year temperature in the years 2002-2004 and ten years’ values

Year 2002 2003 2004 Ten years
values
Total precipitation [mm] 588 479 568 602
Precipitation distribution [mm]  April 42 40 23 60
May 57 98 56 80
July 93 39 51 101
Mean year temperature [°C] 8.7 8.2 7.8 8.1

The lowest precipitation was noted in the 2003. Mean year temperature was at the
similar level as many years’ value.

Due to the late time of strawberry planting in October 2000 the plants did not fruit in
year 2001 and the simple inflorescences were removed. The first crop of strawberry
fruit was recorded in year 2002 (Table 2).

In the first year the highest crop was noted for ‘Elkat’ and ‘Kent’, while the lowest
yield was recorded in Selva cultivar. The highest unmarketable fruit was obtained in
‘Elkat’, the other cultivars showed the similar amount of those fruit. In 2003 all the
investigated cultivars gave the low crops, yet, ‘Elkat’ produced the most fruit. Low
precipitation in that year was the reason of that fact probably (Table 1). ‘Elkat’ and
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‘Senga Sengana’ gave the highest unmarketable fruit yield. In the third year of fruiting
the highest crops were recorded for Kent and ‘Selva’. Other cultivars yielded on the
same level. Similarly as in 2003, ‘Elkat’ and ‘Senga Sengana’ produced the most
unmarketable fruit.

Table 2

Marketable yield and yield of unmarketable fruit of six strawberry cultivars in the years 2002-2004
(calculated per plot = 15 plants)

2002 2003 2004 Total yield
Cultivar/ market- | unmarket- | market- | unmarket- | market- |unmarket- | market- | unmarket-
zf;ré able | able fruit | able | able fruit | able | able fruit | able | able fruit
[kg]

Elkat 6.85 b* 2.62b 3.64b 093 b 350a 1.95b 13.99b 55b
Elsanta 5.53 ab 047 a 142 a 0.18a 370 a 0.60 a 10.65 a 1.25a
Gerida 4.38 ab 0.45a 2.59 ab 0.18 a 359a 0.55a 10.56 a 1.18 a
Kent 6.08 b 0.50a 2.80 ab 023 a 535b 0.76 a 1423 b 149 a
Selva 3.83a 0.55a 1.87 a 023 a 4.12 ab 0.60 a 9.82a 1.38a
Senga
Sengana 4.53 ab 1.05a 2.64 ab 0.69b 348a 1.55b 10.65 a 2.34b

* Means in the columns followed by the same letters do not differ significantly at oo = 0.05.

In the discussed study the total highest crops were obtained for ‘Kent’ and ‘Elkat’
what is in agreement with the studies of other authors [3-5, 11, 12). Cultivars ‘Senga
Sengana’, ‘Selva’, ‘Elsanta’ and ‘Gerida’ yielded on lower level, what is confirmed by
others authors [5, 6, 9, 11, 12]. The yield of unmarketable fruit was highest in 2002,
when the precipitation raised up to 93.2 mm in June. In two others years of studies
‘Elkat’ and ‘Senga Sengana’ produced the most unmarketable fruit. Many authors
inform of high percentage of ‘Senga Sengana’ rotten fruit [6, 13, 14].

Cultivars differed in respect of fruit mass (Table 3).

Table 3

Mass of 100 fruit of six strawberry fruit

2002 2003 2004
Cultivar
(kg]

Elkat 1.25 ab 1.13 ab 1.27 ab
Elsanta 1.39b 1.37b 1.40b
Gerida 1.48b 1.35b 1.41b
Kent 1.30 ab 1.19 ab 1.29 ab
Selva 1.11a 092a 1.05a
Senga Sengana 0.92 a 0.83 a 0.90a

Explanation see Table 1.

In every year of experiment the greatest mass of fruit was noted for ‘Gerida’ and
‘Elsanta’, and the lowest one for ‘Selva’ and ‘Senga Sengana’. Also in other experiment
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[6] cultivars ‘Gerida’ and ‘Elsanta’ exhibited the greatest fruit mass. Other authors [11,
12, 14] obtained slightly less fruit mass for ‘Elsanta’ and Elkat. Kopytowski et al [11]
recorded greater mass for Kent fruit and similar fruit mass for ‘Senga Sengana’
comparing with the presented study. ‘Gerida’, ‘Elsanta’ and ‘Kent” produced the most
fruit of equatorial diameter 25 mm (Fig. 1).
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Fig. 1. Percentage of fruit recorded in two groups (22 and 25 mm fruit diameter) in marketable yield for six
strawberry cultivars (mean for three years)

The results concerning L-ascorbic acid and anthocyanins content in fruit of
investigated strawberry cultivars were presented in Table 4.

Table 4

L-ascorbic acid and anthocyanins content in fruit of six strawberry cultivars [mg - 100 g ']

2002 2003 2004
Cultivar L-ascorbic . L-ascorbic . L-ascorbic .
acid anthocyanins acid anthocyanins acid anthocyanins
Elkat 47.6b 39.1d 45.1¢ 42.1d 38.0 be 40.5d
Elsanta 735¢ 134a 76.1¢ 13.0a 66.1d 14.0a
Gerida 47.6b 17.3b 62.7d 169b 38.9 be 1840
Kent 44.1a 30.1¢ 41.0b 255¢ 259a 29.7¢
Selva 48.1b 17.5b 299a 169b 41.1¢ 179b
Senga Sengana 48.7b 353d 51.0c¢ 33.7 cd 346b 38.8d

Explanation see Table 1.

In each year of study the highest content of L-ascorbic acid was recorded for fruit of
‘Elsanta’ cv., and in the fruit of other cultivars the content of that vitamin was lower.
Zmuda et al [15] and Skupien [16] stated the high content of L-ascorbic acid in ‘Senga



Yield Structure and Content of Some Components in Fruit... 71

Sengana’ cv. Masny et al [17] obtained much lower content of vitamin C in ‘Senga
Sengana’ and ‘Elkat’ fruit.

In the discussed study ‘Senga Sengana’ and °‘Elkat’ fruit contained the most
anthocyanins. Masny et al [17] and Zmuda et al [15] obtained similar results. However,
Bojarska et al [18] got the different results for ‘Elsanta’.

In Table 5 the results concerning total soluble solids, pH of fruit juice and titratable
acidity are presented.

Table 5
Total soluble solids, pH of fruit juice and titratable acidity
2002 2003 2004
Cultivar Total Titratable Total Titratable Total Titratable
soluble N soluble Lo soluble N
. pH acidity . pH acidity . pH acidity
solids [e - 100 4] solids e - 100 ,1] solids [g - 100 ,l]
Elkat 590a | 3.53b 0.90 b 7.89a | 3.53a 0.88 be 931b [347bc| 0.94b

Elsanta 7.63e | 3.48Db 0.85 ab 10.13d | 3.81¢c 0.77 abc 9.25b |3.51bc| 0.89ab
Gerida 795f | 3.50a 0.80a 10.18d | 3.77¢ 0.76 ab 891b |3.50bc| 0.82a

Kent 7.55d | 3.40a 0.85 ab 11.03e | 3.82¢ 0.76 ab 8.50b |3.54¢ 0.89 ab
Selva 743¢c | 3.38a 0.90b 942c¢ | 3,62b 0.72a 847b |3.45ab| 1.05c¢
Senga

Sengana | 6.43b | 3.50b 0.85 ab 8.74b | 3.64b 091 ¢ 740a |339a 0.82a

Explanation see Table 1.

Total soluble solids content, value of pH and titratable acidity varied depending on

the strawberry cultivar and year of study (Table 5). Masny et al [19] obtained similar
results.

Conclusions

1. Strawberry ‘Elkat’ and ‘Kent’ cultivars showed the highest marketable yield.

2. The high yield of unmarketable fruit was obtained for ‘Elkat’ and ‘Senga
Sengana’.

3. Gerida and ‘Elsanta’ produced the fruit of the greatest mass.

4. The highest content of L-ascorbic acid was noted for ‘Elsanta’ fruit.

5. ‘Elkat’ and ‘Senga Sengana’ fruit contained the most anthocyanins.

6. Total soluble solids, pH of juice and titratable acidity changed depending the year
of study.
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STRUKTURA PLONU I ZAWARTOSC NIEKTORYCH SKLADNIKOW
W OWOCACH SZESCIU ODMIAN TRUSKAWKI

Katedra Sadownictwa i Pszczelnictwa, Wydziat Ogrodniczy
Uniwersytet Rolniczy w Krakowie

Abstrakt: Badania prowadzono w latach 2002-2004 w Stacji Doswiadczalnej Wydziatu Ogrodniczego
w Garlicy Murowanej koto Krakowa. Doswiadczenie zostato zatozone w listopadzie 2000 r. Badaniami objgto
sze$¢ odmian truskawek: ‘Elkat’, ‘Elsanta’, ‘Gerida’, ‘Kent’, ‘Selva’ oraz ‘Senga Sengana’.

Rosliny rozpoczegty owocowanie w 2002 r. W pierwszym roku plonowania uzyskano najwyzsze plony
owocow truskawek odmiany ‘Elkat’ oraz ‘Kent’. W roku 2003 wszystkie odmiany cechowaly sig¢
najmniejszym plonem w poréwnaniu z uzyskanymi z pozostatych dwoch lat badan. W trzecim roku
owocowania najwigkszy plon owocéw daty odmiany ‘Kent’ oraz ‘Selva’. Dla odmian ‘Elkat’ oraz ‘Senga
Sengana’ odnotowano najwyzszy plon owocow niehandlowych zaréwno w poszczegélnych latach, jak
i facznie po trzech sezonach. Najwigksze roznice w masie jednego owocu z pierwszych i ostatnich zbioréw
stwierdzono w przypadku odmian ‘Elkat’, ‘Gerida’ oraz ‘Kent” w latach 2002 i 2003. W przypadku odmian
‘Gerida’, ‘Elsanta’ oraz ‘Kent’ odnotowano najwigkszy procentowy owocow o $rednicy 25 mm.

Slowa kluczowe: struktura plonu, witamina C, antocyjany
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YIELD AND EGGPLANT FRUIT QUALITY
(Solanum melongena L..) DEPENDENT ON PLANT TRAINING
AND NITROGEN FERTLIZATION

PLON I JAKOSC OWOCOW OBERZYNY (Solanum melongena L.)
W ZALEZNOSCI OD SPOSOBU PROWADZENIA ROSLIN
I NAWOZENIA AZOTEM

Abstract: Studies upon the influence of varied forms and doses of nitrogen fertilizers as well as plant training
on yields and eggplant fruit quality were carried out at The University of Life Sciences in Lublin in
2004-2005. Plants were trained in their natural form as well as for 3 carrying shoots. Following nitrogen
nutrition forms were applied: ammonium (NH," — in a form of (NH,),SO4 20.5 % N), nitrate (NO; ™ in a form
of Ca(NOs), 13.5 % N), and amide (NH, in a form of CO(NH,), 46 % N), at following doses per 1 plant: 5,
10, 15 g N. Yields and number of fruits, as well as contents of dry matter, vitamin C and reducing sugars were
determined.

It was found that the plant training method did not determine the size of eggplant fruit commercial yield,
nor their number. Instead, it was observed that varied nitrogen rates significantly affected the yield size and
fruit number. The highest yield was achieved when the highest nitrogen dose was applied (15 g N - plant ' —
4.76 kg - m ™), while the lowest yields were obtained after the lowest dose application (5 g N - plant™ — 3.22
kg - m™?). The average fruit number ranged to 17.7 fruits - m™~ and 11.7 fruits - m’, respectively.

Achieved results referring to selected elements of fruit chemical composition indicated that the type of
plant training did not influence on eggplant fruit quality. Varied nitrogen fertilization significantly affected the
dry matter, ascorbic acid, and reducing sugars contents. Considering the yield size, fruit number, and reducing
sugars contents, nitrate(V) form of nitrogen nutrition appeared to be the most favorable. Moreover, eggplant
showed to have great requirements for nitrogen (15 g N - plant™).

Keywords: eggplant, training method, N form and dose, yield, vitamin C, sugars

Nice taste and great dietetic value of eggplant make that the vegetable finds more and
more popularity in Poland and growing interests in its cultivation can be observed
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[1-6]. Its large thermal requirements determine the commercial plantations of eggplant
under covers [7-9].

Domestic studies upon the eggplant cultivation revealed that even 10 kg fruits - m™
can be obtained from eggplant grown in a greenhouse [10—13], while up to 6 kg
fruits - m* can be harvested from a plastic tunnel plantation [14—16]. The fertilization
recommendations were worked out on a base of nutritional needs of tomato grown on
an organic subsoil [17].

Taking into account growing interests in cultivating the eggplant in foil tunnels, it
seems to be advisable to carry out studies upon its fertilization requirements in an aspect
of yield quality [4-6, 18, 19].

Eggplant is a plant with great nutritional requirements, because it produces an
enormous quantity of aboveground mass [20]. Therefore, many studies revealed that
control of aboveground weight is necessary in eggplant cultivated under a cover. Cut-
ting and training plants for 2—4 carrying shoots was assumed as optimum [8, 13, 21, 22].

The present study aimed at evaluating the influence of varied forms and doses of
nitrogen nutrition on yields and quality of eggplant fruits that were cut and trained for 3
carrying shoots as well as in their natural form.

2

Material and methods

Study upon eggplant (Solanum melongena L.) of ‘Epic’ F; cv. was carried out in
2004-2005 in unheated plastic tunnel at The Experimental Farm of University of Life
Sciences in Lublin in Felin. The eggplant seedling was prepared in a greenhouse
according to rules recommended for that species. In both study years, seeds were sown
at the beginning of March. Seedling was set into its place at the beginning of June. The
vegetation period since seed sowing to the experiment completing lasted about 7
months (March 3 — September 13).

Plants were cultivated in foil cylinders of 10 dm’ capacity each and at density of 3.3
plants per 1 m® (0.6 m x 0.5 m) on peat of initial pH 4.6, that was previously limed with
CaCOj; to pH = 6.5. The experiment was set in complete randomization design. Every
combination was represented by 8 plants (experimental units).

The influence of three factors was examined:

1. Nitrogen forms:

— NH," in a form of ammonium sulfate (NH4),SO, (20.5 % N),
— NO; in a form of calcium nitrate Ca(NO3), (15.5 % N),
— NH, in a form of urea CO(NH,), (46 % N),

2. Nitrogen doses: 5; 10; 15 g N - plant

3. Method of plant training: natural; 3 shoots.

Nitrogen, phosphorus, potassium, and magnesium fertilization for the whole vegeta-
tion period amounted to (per 1 plant):

— nitrogen (N) — 5; 10; 15 g N in form of (NHy),SOy4; Ca(NOs),; CO(NH,),,

— phosphorus (P) — 7.0 g P in form of Ca(H,PO,), - H,O — 20.2 % P,

— potassium (K) — 16 g K in form of K,SO, — 41.6 % K,

— magnesium (Mg) — 7.0 g Mg in form of (MgSO, - H,O 17.4 % Mg).
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Applied microelements were added as: EDTA-Fe, CuSO, - 5H,0, ZnSO, - 7H,0,
MnSO, - H,0, H3BO; and (NH,4),Mo0,0,,4 - 4H,0 at amounts analogous to peat subsoils.
All microelements, 1/2 phosphorus, as well as 1/7 nitrogen, potassium, and magnesium
doses were applied during the subsoil preparation, before plant setting. Another
phosphorus dose was introduced after the first fruit harvest, while remaining amounts of
nitrogen, potassium, and magnesium were applied top dressing in 6 rates every 10 days.
The subsoil water content was maintained at the level of 70 %.

Nursery operations and plant protection was performed in accordance to re-
commendations for the species. Fruits were harvested from every plant at their
commercial maturity stage (mean fruit mass about 280 g), that was determined by
intensive purple color with characteristic metallic shine. The harvest was made every 7
days in both study years: the first one — at the end of July, the last one — in the mid of
September. Following yielding parameters were determined: commercial yield and
number of commercial fruits per m?’.

Fruit samples were collected for chemical analyses in the mid of fruiting period at
their commercial maturity stage. Following items were determined in fresh fruits: dry
matter — by means of drier method, ascorbic acid content — according to Tillmans
method, reducing sugars — according to Schoorl-Rogenbogen procedure.

Achieved results were statistically processed applying variance analysis. The
difference significance was verified using multiple T-Tukey confidence intervals at
significance level of a = 0.05.

Results and discussion

Due to very close values of determined parameters, they are presented as average for
both study years. In 2004-2005, mean commercial yield of eggplant fruits amounted to
3.96 kg - m > (Table 1).

Variance analysis did not reveal significant influence of three applied nitrogen forms
on eggplant commercial yield. Regardless of nitrogen rate, mean commercial yield was
as follows: ammonium sulfate — 4.09 kg - m 2, calcium nitrate — 3.75 kg - m 2, urea —
4.04 kg - m. Regardless of nitrogen form, statistically significant effect of nitrogen
dose on fruit commercial yield was observed. Applied doses: 5; 10; 15 g N - plant™
significantly differentiated the size of eggplant commercial yield. Considerably higher
average eggplant fruits commercial yield was achieved when applying 15 g N - plant ™'
(4.76 kg - m2), next in the case of 10 g N - plant™' application (3.90 kg - m?), and the
lowest one when nitrogen dose equaled 5 g N - plant™' (3.22 kg - m%). When three
nitrogen forms were used, the largest differentiation of fruit commercial yield was
recorded between the lowest and the highest dose. Varied methods of plant training —
natural form and for 3 shoots — did not have any significant influence on eggplant fruit
commercial yield: 4.09 kg - m 2 and 3.84 kg - m > were achieved, respectively.

Studies performed in 2004 and 2005 revealed average commercial yield of eggplant
fruits foil as 3.96 kg - m > Comparison of here achieved results with other authors’
ones: 3.34 kg - m™2 [14], 4.39 kg - m? [15], 4.33 kg - m? [16] indicates that here
presented values are similar to those obtained by those authors; although Markiewicz
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Table 1
The effect of nitrogen fertilizer and training method on the marketable yield
and number of marketable fruit of eggplant
Marketable yield Number of marketable fruit
[kg-m?] [No.-m?]
]ifi:tcill?zfelr\l [ng(inslf 4 Training method Training method
Nfaot ;1[;&11 3 shoots Means Nfa; ;1[;&11 3 shoots Means
5 3.42 3.44 3.43 11.7 12.5 12.1
(NH4),SO4 10 4.62 4.07 4.34 14.1 14.4 14.2
15 4.47 4.53 4.50 17.5 16.7 17.1
Mean for (NH4),SO4 4.17 4.01 4.09 14.4 14.5 14.4
5 3.07 2.72 2.90 10.6 9.2 9.9
Ca(NOs), 10 3.85 3.10 3.47 13.9 12.5 13.2
15 4.82 4.96 4.89 18.1 17.1 17.6
Mean for Ca(NOs), 391 3.59 3.75 14.2 12.9 13.6
5 3.31 3.39 3.35 12.3 14.0 13.2
CO(NH,), 10 3.95 3.81 3.88 13.7 16.2 15.0
15 5.28 4.52 4.90 20.6 16.0 18.3
Mean for CO(NH,), 4.18 391 4.04 15.5 15.4 15.5
5 3.27 3.18 3.22 11.5 11.9 11.7
ﬁii“l\for 10 4.14 3.66 3.90 13.9 14.4 14.2
15 4.86 4.67 4.76 18.7 16.6 17.6
Total mean 4.09 3.84 3.96 14.7 14.3 14.5
LSDy 05 Kind N (a) n.s.* n.s.
Dose N (b) 0.450 1.93
Trainig method (c) n.s. n.s.
Interaction: ab 1.032 4.19
be 0.773 3.14
ac ns. ns.
abc 1.638 6.66

* n.s. — not significant.

and Golcz [4] recorded higher yields from plantation in a plastic tunnel — 8.37 kg - m >
Different nitrogen forms had not significant influence on yield size of eggplant fruits
harvested from peat subsoil. Instead, significant dependence of yield on nitrogen rate
was reported. Applying the largest nitrogen dose (15 g N - plant_l) caused the increase
of commercial yield by 48 % as compared with that achieved when the lowest nitrogen
rate was applied (5 g N - plant™"). Markiewicz and Golcz [4] in their study upon
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different levels of nutrients during eggplant cultivation on peat subsoil, recorded the
largest yield increase (22 %) at the highest fertilization level.

Considering the results of fruit number, no significant effect of varied nitrogen forms
on examined parameter were observed. Regardless of nitrogen dose, number of
commercial eggplant fruits from plant fertilized with ammonium sulfate amounted to
14.4 m2, while when calcium nitrate and urea were applied equaled 13.6 fruits - m >
and 15.5 fruits - m 2, respectively. Regardless of nitrogen form, significant influence of
nitrogen dose on that yielding parameter was found. Significantly larger number of
commercial eggplant fruits (17.6 fruits - m %) was achieved due to application of 15 g
N - plant as comparing with 10 g N - plant’1 (14.2 fruits - m2), as well as to 5 g
N - plant ™' rate which resulted in significantly less number of fruits (11.7 fruits - m?). It
was found that when nitrogen in its three forms was applied, the largest differentiation,
referring to the fruit number, was recorded between its lowest and the highest dose. The
type of eggplant training did not exert any considerable effect on examined parameter.
From plants trained in their natural form as well as for 3 carrying shoots, 14.7
fruits - m > and 13.3 fruits - m >, respectively, were achieved.

Biological value was assesses on a base of dry matter, ascorbic acid, and reducing
sugars contents at fresh eggplant fruits of ‘Epic’ F; cv. Results are presented in Table 2.

Dry matter content ranged from 6.77 % to 8.03 %, at mean value 7.42 %.
A significant influence of varied nitrogen forms and doses on dry matter content was
found, but no effect of plant training method was recorded. Significantly higher average
value (7.7 1%) was reported for eggplant fruits from plants fertilized with NO; form
(calcium nitrate) as compared with other nitrogen forms. Furthermore, considerably
higher dry matter content was found at fruits as a result of fertilization with nitrogen at
10and 15 g N - plant‘1 rates as comparing with the lowest dose (Table 2). Studies made
by Herrmann [1] and Kowalski et al [3] upon chemical composition of eggplant
revealed similar content of dry matter in fruits.

Content of ascorbic acid at eggplant fruits amounted from 6.13 to 8.49 mg - 100 g’1
f.m. Among three examined factors, only nitrogen dose had significant influence on it
(Table 2). Considerably lower content of ascorbic acid was found when the highest
nitrogen rate was applied (15 g N) as compared with other ones. There is no information
in available literature references on the effect of nitrogen doses on vitamin C content in
eggplant fruits. Study performed by Kowalski et al [3] presented the evaluation of
ascorbic acid content in fruits of several eggplant cultivars and it was concluded that it
oscillated around 20 mg - 100 g’1 f.m. at ‘Epic’ F; cv., which was higher than that
recorded by other authors: 5.54 mg - 100 g’1 f.m. [10] and 5.89 mg - 100 g’1 f.m. [14].

Considering the carbohydrates separated from a fresh matter of eggplant fruits, mean
content of reducing sugars was determined (2.50 %). Similar sugars level at eggplant
fruits was found by Herrmann [1], Cebula [10], as well as Ambroszczyk and Cebula
[13, 23] at eggplant grown in a greenhouse, while Gajewski and Gajc-Wolska [14]
found twice as much reducing sugars. The variance analysis revealed significant
influence of applied nitrogen forms on reducing sugars contents: their highest level
(2.60 %) was found at fruits of plants fertilized with urea (NH,), whereas the lowest
(2.31 %) at those treated with ammonium sulfate (NH,"). No effects of nitrogen dose on
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reducing sugars contents at eggplant fruits were observed (Table 2). Instead, the effect
of plant training method on reducing sugars content appeared to be significant. More
sugars were found in fruits of plants that trained for three shoots rather than in natural
form. This dependence can be explained by better light access, which determines the
carbohydrate synthesis. It was earlier stated by studies made by Cebula [24],
Ambroszczyk and Cebula [13] and Ambroszczyk et al [22].

Conclusions

1. The method of plant training did not determine the commercial yield and fruit
number, nor dry matter and ascorbic acid contents at eggplant fruits; instead, it
differentiated the reducing sugars content.

2. Applied nitrogen forms significantly affected the dry matter and reducing sugars
contents at eggplant fruits, while they had no effect on yield and ascorbic acid level.

3. Applied nitrogen doses considerably affected the yield size, fruit number, and fruit
quality.

4. At eggplant cultivated on peat subsoil, dose of 15 g N - plant’1 in a form of
calcium nitrate should be considered as optimum nitrogen nutrition.
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PLON I JAKOSC OWOCOW OBERZYNY (Solanum molongena L.)
W ZALEZNOSCI OD SPOSOBU PROWADZENIA ROSLIN I NAWOZENIA AZOTEM

! Katedra Uprawy i Nawozenia Roslin Ogrodniczych
% Katedra Warzywnictwa i Ro$lin Leczniczych
Uniwersytet Przyrodniczy w Lublinie

Abstrakt: Badania nad wpltywem zréznicowanych form i dawek azotu oraz sposobu prowadzenia roslin na
plon i jakos¢ owocdéw oberzyny przeprowadzono w latach 2004-2005 w Uniwersytecie Przyrodniczym
w Lublinie. Rosliny prowadzono w formie naturalnej oraz na 3 pedy przewodnie. Zastosowano zrdznicowane
formy azotu: amonowa (NH," — w postaci (NH,4),SO4 20,5 % N), saletrzana (NO;~ w postaci Ca(NO;), 13,5 %
N) oraz amidowa (NH, w postaci CO(NH;), 46 % N), stosujac na 1 rosling: 5, 10, 15 g N. Oceniono plon oraz
liczbg owocow, a takze zawartos¢ w nich suchej masy, witaminy C i cukrow redukujacych. Wykazano, ze
sposob prowadzenia roslin nie decydowat o wielkosci plonu handlowego owocéw, a takze o ich liczbie.
Stwierdzono natomiast, ze réznicowane dawki azotu istotnie oddziatywaly na wielkos¢ plonu i liczbg
owocéw. Najwigkszy plon uzyskano po zastosowaniu najwickszej dawki azotu (15 g N - rosling ™' — srednio
4,76 kg - m?), a najmniejsze po zastosowaniu najmniejszej jego dawki (5 g N - rosling’ — $rednio 3,22
kg - m?). Liczba owocéw wynosila érednio odpowiednio 17,7 szt. - m* oraz 11,7 szt. - m’

Uzyskane wyniki dotyczace wybranych elementéw sktadu chemicznego owocoéw wskazuja, ze sposob
prowadzenia ro$lin nie mial wplywu na jako$¢ owocow oberzyny. Natomiast zréznicowane nawozenie
azotem istotnie oddzialywato na zawartos¢ suchej masy, witaminy C i cukrow redukujacych. Majac na
uwadze wielko$¢ plonu, liczb¢ owocoéw oraz zawarto$¢ cukrow redukujacych nalezy podkresli¢ korzystne
oddzia%ywan]ie saletrzanej formy azotu oraz duze wymagania oberzyny w stosunku do tego pierwiastka (15 g
N - rosling ).

Stowa kluczowe: oberzyna, metody prowadzenia, formy azotu, dawki azotu, plon, witamina C, cukry
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Abstract: Based on the spectrophotometer analysis and the statistical data processing it was found that the
colour of the pea leaves significantly influences the infestation by thrips. The positive correlation was found
between summary content of chlorophylls in the pea leaves, represented by the absorbance at A = 680 nm and
the average number of thrips. The greater content of the chlorophylls was noticed for the cultivars heavier
infested by thrips (‘Hazard’, ‘Walor’, ‘Jubilat’ and ‘Maraton’) and the lower concentration of chlorophylls
was found for the cultivars less infested by thrips.

Keywords: thrips, peas, chlorophylls level, leaf colour

The thrips (Thysanoptera) have negative influence on the cultivation of the pea. They
feed on leaves, flower buds, flowers and pods causing atrophy, deformation and
preventing nucleation. The pea plantations are threatened by the infestation of thrips
during the whole vegetation period [1, 2].

Due to the tendencies to limit the use of pesticides, especially in the plantation
intended for consumption, it is of vital importance to find and cultivate the pea cultivars
resistant to or tolerating the feeding pests. The research of many authors suggests that
the visual stimulus is the initial factors influencing the selection of plants by insects and
that the plant tissue can also effect the infestation by thrips [3, 4]. This is related to the
ability of insects for the reception of the light waves reflected from the surface of the
leaves or coming through the leaves of wide range of wavelengths (from A = 260 nm
— ultraviolet to A = 720 nm — red) [5]. Because of this, the antixenotic resistance of
plants can vary depending on the differences in colour of the different fragments of
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plants, for example of leaves. Such differences were found, among other, in the
resistance of the cabbage on Pieris sp., spinach and red garden beet on Aphis fabae
[6-8]. Very few studies have been carried out with plants in order to identify the
patterns of resistance against thrips. Up to now, the only trial on antixenotic resistance
against onion thrips under field conditions as well as laboratory was carried out by Fail
et al [9] and Stoner and Shelton [10]. The number of works about the influence of the
colour on the behaviour of thrips during the plant selection and infestation is also very
limited [11, 12].

Material and methods

In the research carried out at the Experimental Station in Mydlniki in 2008, 16
cultivars of eatable pea differencing in the purpose and the length of the maturation
were used. These cultivars are listed in Table 1. All pea cultivars were sown on 31%
March, on plots of 4 m x 16 m. To demonstrate the relations between the intensity of
the green colour of the leaves in particular pea cultivars and the degree of infestation by
thrips, the analysis of colour of leaves using analysis of leaf colour was performed on
the basis of visible light absorption spectra of tissue samples obtained with a JASCO
V-530 spectrophotometer. This allowed in vivo colour characteristics to be made on
fresh leaves, on the basis of chlorophylls and carotenoids they contain [data not
published]. The fragments of leaves were collected on 15t May. The degree of
infestation of particular pea cultivars by thrips was estimated on the plants using the
standard entomological sweep net. To collect one sample, 25 capturing movement with
sweep net were made. Four samples were collected from each species. The samples
were collected two times during the phase of main pea sprout forming. The obtained
results were statistically analysed using Statistica 6.0.

Results and discussion

The degree of infestation of particular pea cultivars by thrips was varying. The total
mean number of thrips collected on 16 pea cultivars during the period of main pea
sprout forming was from 32 to 3.2 thrips perl sample. The significantly higher number
of thrips was collected on ‘Hazard’ cv., and then on ‘Walor’, ‘Pionier’, ‘Demon’,
‘Jubilat’ and ‘Maraton’ cultivars, while the lowest number was noticed on ‘Polar’,
‘Duet’ and ‘Cud Kelwedonu’ cultivars. The analysis of the mean number of thrips
collected during individual analysis and the mean total number show significant
differences between tested cultivars. The results from the first collection of thrips show
significant statistical differences between the most infested cultivars ‘Hazard’ and
‘Pionier’ and the low infested cultivars ‘Polar’, ‘Baron’, ‘Cud Kelwedonu’ and
‘Muskat’. The comparison of mean numbers of thrips gathered in the second collection
and the summary average indicate the significant differences between cultivars ‘Hazard’
and ‘Walor’, and the cultivars ‘Polar’ and ‘Duet’ (Table 1).
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Table 1
Mean number of thrips collected from peas with sweep net
Analysis
Cultivar Mean
1* analysis 2" analysis
Baron F, 13a 7.7 ab 4.5 ab
Bohun F, 4.0 abc 6.3 ab 5.2 ab
Cud Kelwedonu F, 13a 5.3 ab 3.3 ab
Demon F, 4.7 abc 16.7 cd 10.7 ab
Domino F,; 3.2 abc 8.0 ab 6.2 ab
Duet F, 3.0 abc 40a 35a
Hazard F, 44,0 ¢ 20.7d 32.0d
Hetman F, 3.7 abc 6.3 ab 5.0 ab
Jubilat F, 10.0 cd 10 ab 10.0 be
Kaskada F,; 2.3 ab 5.7 ab 4.0 ab
Maraton F, 5.7 abc 11.7 ab 8.7 ab
Muskat F, 1.7a 12.3 be 7.0 ab
Pionier F; 15.7d 8.0 ab 11.8 abed
Polar F, 1.0a 5.0a 32a
Set F; 4.0 abc 6.3 ab 5.2 ab
WalorF, 9.3 abc 20.3d 14.8 ¢
Means in the columns marked with different letters are significantly different at p < 0.05.
Table 2

Absorption at A = 680 nm reflecting the contents of chlorophylls read

from absorption spectrum of pea leaves

Cultivar Repetitions Amean Relative

A A, A, A, error [%]
Baron F, 0.73 1.20 1.20 1.00 1.03 21.6
Bohun F,; 1.00 1.04 1.25 1.40 1.17 16.0
Cud Kelwedon F, 1.29 1.30 1.30 1.34 1.31 1.7
Demon F; 1.42 1.54 1.60 1.25 1.45 10.6
Domino F,; 1.28 1.14 1.40 1.52 1.34 12.2
Duet F, 1.10 1.10 1.37 1.23 1.20 10.7
Hazard F, 1.31 1.40 1.43 1.42 1.39 3.9
Hetman F, 1.30 1.30 1.38 1.40 1.35 3.9
Jubilat F; 1.57 1.60 1.48 1.55 1.55 33
Kaskada F, 1.40 1.00 1.58 1.23 1.30 19.0
Maraton F; 1.40 1.37 1.36 1.25 1.35 4.9
Muskat F, 1.26 1.55 1.36 1.42 1.40 8.7
Pionier F, 1.30 1.28 1.30 1.16 1.26 53
Polar F, 1.00 1.22 1.38 1.30 1.23 13.4
Set F; 1.47 1.57 1.50 1.60 1.54 3.9
Walor F, 1.90 1.72 1.60 1.51 1.68 10.0
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To find one of the possible reasons for the different degree of infestation, the colours
of leaves were compared. It was found in most cases, that the cultivars heavier infested
by thrips have greater content of chlorophylls, while the cultivars less infested have the
lower content of chlorophylls (Tables 1 and 2).

The examples of absorption spectrum of pea leaves for ‘Polar’ and ‘“Walor’ cultivars
are given in Fig. 1.

2.00
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Fig. 1. The examples of absorption spectrums of pea leaf samples in the range of visible light from 450 to
750 nm; The blue line (higher) — ‘Walor’ cv., the green line (lower) — ‘Pionier’ cv.; The greater
absorption at Ay, = 680 nm represents higher content of chlorophylls

The band in the spectrum with maximum at A, = 880 nm is only due to the
presence of chlorophylls, and the rest of spectrum is also due to the presence of
carotenoids in leaves. The higher absorption within this range represents the darker
green due the greater content of chlorophylls or thickness of leaves. For ‘Walor’
cultivar, which was more infested, the greater absorption was noticed within nearly
whole range of visible light, however the most significant difference was noticed for A
= 680 nm.

The positive Spaerman correlation between summary content of chlorophylls in the
pea leaves, represented by the absorbance at A = 680 nm, and the average number of
thrips collected on the plants and the summary average was found (Table 3). At the
same time, no better correlations between other wavelengths were found, especially at
the wavelength of A = 470 nm, which should show the potential influence of the
carotenoids on the background of chlorophylls. Also no anthocyanin pigments were
found on the pea leaves, which is in line with the other results presented in the
literature. These results confirm and suggest that the different intensity of the green
colour of leaves can be treated as one of the factors deciding about the attractiveness of
pea plants for thrips.

The research on the antixenotic resistance of different cabbage cultivars against
infestation by Thrips tabaci Fail et al [9] shows that the groups of resistant cultivars
have greater reflectance intensity than the group of susceptible.
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Table 3

Correlation of R Spaermana between absorption at A = 680 nm reflecting the contents
of chlorophylls read from absorption spectrum on pea leaves and the infestation by thrips

The examined parameters of infestation R spearmana
Absorbance at 680 nm — mean number of thrips for 1% analysis 0.258006
Absorbance at 680 nm — mean number of collected thrips for 2" analysis 0.603938
Absorbance at 680 nm — total mean number of thrips 0.417145

The selected correlations are significant at p < 0.001.

The influence of the intensity of green colour of leaves is also confirmed by the
works of other authors. According to Myers [6] the female of Pieris sp. preferred the
cabbage cultivars having more intensive green colour of leaves. The research by Luczak
[13] indicates that the winged forms of black bean aphids preferred the cultivars of
sugar beet with light-green leaves, having the lower contents of vegetable dyes,
especially yellow and orange (flavones and carotenoids). The similar results were
received in the case of spinach and the garden beet [7, 8]. Such relationships were also
observed in the infestation of cauliflower by Brevocoryne brassicae [14].

Conclusions

Based on the spectrophotometric analysis and the statistical data processing it was
found that the colour of the pea leaves significantly influences the infestation by thrips.
The intensity of absorbance demonstrated by pea leaves in the range of red light with a
maximum at A = 680 nm has the positive effect on the infestation of pea by thrips. The
most important factor deciding about the attractiveness was the intensity of the green
color, which is the typical feature of the pea, and less significant were the minor
differences in the leaf colors caused by the different contents of the carotenoids,
chlorophyll @ and chlorophyll .
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WSTEPNE BADANIA NAD WPLYWEM BARWY LISCI GROCHU
NA ZASIEDLENIE PRZEZ WCIORNASTKI

! Katedra Ochrony Roslin
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Streszczenie: W wyniku przeprowadzonych analiz spektrofotometrycznych i opracowania statystycznego
stwierdzono, ze barwa liSci grochu ma istotny wptyw na zasiedlenie ich przez wciornastki. Dla badanych
odmian stwierdzono pozytywna korelacj¢ pomigdzy sumaryczna zawartoscia chlorofili w lisciach grochu,
oznaczong poprzez pomiar absorbancji przy A = 680 nm, a $rednig liczebno$cia wciornastkow. Odmiany
silniej zasiedlane przez wciornastki (‘Hazard’, “Walor’, ‘Jubilat’ i ‘Maraton’) odznaczaly si¢ wigksza
zawarto$cig chlorofili, z kolei mniej licznie zasiedlane odmiany (‘Polar’ i ‘Duet’) nalezaly do grupy odmian

o mniejszej zawartosci chlorofili.

Stowa kluczowe: wciornastki, groch, poziom chlorofili, barwa lisci
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Abstract: In the present research the chemical compositions of fruiting bodies of two strains of Lentinula
edodes, two strains of Pleurotus eryngii, Auricularia auricula-judae and A. polytricha were assessed.
Above-mentioned mushrooms were cultivated on birch and beech sawdust. The content of protein, fat,
carbohydrates and ash in fruiting bodies was assessed.

The results obtained show that the cultivation substrate influenced the chemical compositions of fruiting
bodies of examined mushroom species and strains. The highest amount of protein was found in fruiting bodies
of P. eryngii; but fruiting bodies of L. edodes contained the highest amount of fat and ash. Fruiting bodies of
the genus Auricularia was characterized by the highest content of carbohydrates.

Keywords: Lentinula edodes, Pleurotus eryngii, Auricularia auricula-judae, Auricularia polytricha, fruiting
bodies, chemical composition, sawdust

Pleurotus eryngii and Lentinula edodes are commonly cultivated edible mushrooms
all over the world and gather more attention within Polish mushroom growers. Although
both, Auricularia auricula-judae and Auricularia polytricha are species less known on
the Polish market, similar way of cultivation as Lentinula edodes, together with their
tasty fruiting bodies and spectacular medical properties are highly recommended for
commercial cultivation [1]. Mushrooms are rich in protein, minerals and vitamins [2].
For the reason that part of the harvested fruiting bodies is designated for processing
main emphasis is placed on their chemical composition. Many authors show significant
differences in chemical composition among different species and strains of cultivated
mushrooms [3—6]. The latest reports show growing interest in the new edible
mushrooms available for commercial cultivation in Europe [7].

! Department of Vegetable Crops, Poznan University of Life Sciences, ul. Dabrowskiego 159, 60—594
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The aim of this study was to evaluate the chemical composition ie water, protein, fat,
carbohydrates and ash values, of fruiting bodies of different edible mushrooms
cultivated on two sawdust substrates.

Materials and methods

The investigation was carried out at the Department of Vegetable Crops of Poznan
University of Life Sciences in 2008. The subjects of the study were four species of
edible mushrooms cultivated on two sawdust substrates.

Investigated species and strains were as follows:

— Lentinula edodes ‘SH 37’ and ‘SH 27°,

— Pleurotus eryngii ‘B124° and ‘B127,

— Auricularia auricula-judae,

— Auricularia polytricha.

Sawdust of beech and birch were used as a growing substrate, supplemented with
20 % (w/w) of wheat bran and 0.2 % CaCO;. After mixing the components, the
substrates were watered up with tap water to the moisture content of 65 %.

In the experiment substrates were packed into PP foil bags with filter (0.02 pum).
Each bag contained 2.5 kg of substrate. Bags with the substrates were sterilized at
121 °C for 2 h. After cooling to the room temperature (ca 21 °C) the substrates were
inoculated with the spawn of tested mushroom strains in the amount equal to 3 % of
substrates dry weight. Next, substrates were incubated at 25 °C and 80-90 % RH until
all the substrates volume was grown through by the mycelium. After incubation bags
were transferred into cultivation room with temperature of 13-15 °C, for 4. auricula-
-judae and A. polytricha the temperature was increased up to 22 °C after appearance of
primordial. The humidity in case of all mushrooms was similar and valued from 85 to
90 %. Cultures were lighted with fluorescent light (Day-Light) of 500 Ix intensity for
12 h a day. Fruiting bodies were set on the upper surface of the substrate. The
cultivation was conducted in two cycles.

After harvesting the fruiting bodies were dried in 50 °C for 8 hours and then dried at
80 °C to constant weight and ground to powder.

Contents of water, protein, fat, carbohydrates and ash were determined using
analytical methods described by Rutkowska [8].

Data obtained were evaluated by analysis of variance (ANOVA) and Tukey’s mean
homogeneity test were used to indicate the significant differences between the means
values (p < 0.01). Each value was the average of three replicates from both cycles of
cultivation.

Results and discussion

According to various authors, nutrient values of the mushrooms differ between the
species. Chang and Miles [9] note that moisture of fruiting bodies can rate from 73 to
91 % of fresh mass and carbohydrates from 57 to 82 % of dry mass. Protein content in
mushroom normally ranges between 20 and 40 % and it is digested easier than the
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protein from many legume sources like soybeans and peanuts. The mushrooms fruiting
bodies are low in fat which makes them good component of dietary products
(3.7-10.0 %) [10, 11].

In presented study, different cultivation substrates influenced the chemical com-
position of evaluated mushrooms. However, moisture content did not vary among
studied dried mushrooms and was similar in all investigated fruiting bodies, regardless
the cultivation substrate.

Two different substrates used for cultivation influenced especially the content of
protein and carbohydrates in all investigated mushrooms.

Fruiting bodies of all investigated mushrooms contained higher amount of protein
when cultivated on beech sawdust compared with birch sawdust (Table 1). The ‘SH37’
strain of L. edodes contained higher amount of protein than ‘SH27’one regardless the
substrate. Furthermore, in P. eryngii ‘B127° and ‘B124’ the protein content was higher
in fruiting bodies obtained from cultivation on beech sawdust (18.35 % and 17.87 %,
respectively). In 4. auricula-judae the highest amount of protein was found in fruiting
bodies grown on beech sawdust (10.24 %). Furthermore, surprisingly on the same
substrate 4. polytricha showed the lowest its amount (6.30 %). This can be explained by
individual character of the species. 4. auricula-judae cultivated on birch sawdust
contained second highest amount of protein (8.99 %).

Amount of carbohydrates in fruiting bodies in both strains of L. edodes was higher
when cultivated on birch sawdust compared with beech sawdust (68.54 and 68.41 %,
respectively), as well as in P. eryngii ‘B127°, simultaneously this amount was the
highest amount among the strains (62.03 %). Regarding genus Auricularia, content of
carbohydrates was higher in mushrooms grown on birch sawdust, and was higher in
carpophores of 4. polytricha (83.30 %) than in A. auricula-judae (82.11 %) but those
means did not vary statistically.

Generally, fruiting bodies of the genus Auricularia showed the biggest variation
among the evaluated species and cultivation substrates (Table 1). The biggest
differences between the means were observed in protein content in fruiting bodies.

In presented study, examined mushroom species and strains contained different
amounts of protein, fat, carbohydrates and ash in the fruiting bodies (Fig. 1).

Fruiting bodies of both strains of P. eryngii (‘B124’ and ‘B127’) contained the
highest amount of protein (17.04 and 17.16 %, respectively). Those means were lower
than reported by Breene [12] and Cheung [13] — 19.8 %, however higher than in the
experiment of Dundar et al [14] — 11.95 %. Use of different cultivation substrates within
mentioned experiments could be explanation of this fact. Dundar et al [14] grew
P. eryngii on wheat stalk, which is much easier to decompose than sawdust used in our
experiment. In our experiment the lowest amount of protein contained fruiting bodies of
A. polytricha, only 6.66 %, which is generally much higher than reported by Mau et al
[15] — 5.7 %. General investigation on amount of crude protein in Auricularia species
showed range only from 4.2 % up to 5.52 % of dry matter in A. auricula-judae [4, 9].
Both strains of L. edodes contained similar amount of protein in fruiting bodies
(14.73 % in ‘SH27" and 14.48 % in ‘SH37’), however ‘SH27’ tend to contain higher
amount of protein (Fig. 1). Those amounts are comparable with results obtained by
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Chang and Miles [9] — 13.4-17.5 %, however much lower than those of later
experiment by Regula and Siwulski [16] (17.2 %).

Mushrooms are shown to be low-fat products, and general content of crude fat in dry
matter of L. edodes fruiting bodies according to many authors range from 1.3 % to
8.7 % [17, 18]. Two strains of L. edodes contained the highest value of crude fat
(2.62 % in ‘SH37” and 2.5 % in ‘SH27’) (Fig. 1) which is in accordance with
investigation held by Regula and Siwulski [16] (2.89 %). 4. polytricha contained the
lowest amount of crude fat (0.92 %) and A. auricula-judae contained 1.01 % of crude
fat, which is even lower than the results obtained by Shin et al [4] — 3.5 %. Lower fat
contents are only noted by Mau et al (0.48 %) [15]. In the experiment conducted in
2008 by Dundar et al [14] the amount of fat content in P. erymgii was quite high
(7.5 %), in our study the content of fat was much lower (2.28 % and 2.04 % in ‘B124’
and ‘B127’, respectively). Furthermore, those amounts are comparable with the results
obtained by Cheung [13] (1.93 %).

The results of our studies showed that the carbohydrates contents ranged from 59.4 to
82.26 % in the following order: P. eryngii, L. edodes, A. auricula-judae, A. polytricha
(Fig. 1). Other authors [4, 15, 19] report the carbohydrates content in Auricularia
species range from 70 to 88 %. In our investigation the highest amount was observed in
A. polytricha (82.26 %), which fits within the reported average. The lowest amount
(59.4 %) of carbohydrates contained strain P. eryngii ‘B124’, however this was higher
than noted in experiment carried out by Dundar et al [14] (39.85 %). In the earlier
studies, Lasota and Sylwestrzak [17] reported the total carbohydrates content in fruiting
bodies of L. edodes range from 30-38 %. Later, Regula and Siwulski [16] obtained in
their experiment much higher content of carbohydrates, up to 66 %. This amount is
similar to amount of carbohydrates obtained in our experiment.

The ash contents in the carpophores of investigated mushrooms was the highest in
L. edodes and differed between strains, where the average amount of ash in ‘SH27” was
higher than in ‘SH37’ (6.99 % and 6.68 %, respectively) (Fig. 1). Those amounts are
similar to those obtained by other authors [9, 16, 18]. The lowest amount of ash
contained A. polytricha (2.94 %), regardless to the cultivation substrates, which is
comparable with results obtained by Mau et al [7] — 2.5 %. It can be explained that the
mushrooms with pileus and stipe tend to had higher level of ash compared with those
without stipe [20, 21]. The content of ash in fruiting bodies of both strains of P. eryngii
in our investigation ranged from 5.03 % to 5.1 % for ‘B124’ and ‘B127’, respectively
and is comparable with earlier experiments conducted by Cheung [13] (5.18 %) and
Dundar et al [14] (4.89 %).

The differences between the chemical compositions of mushrooms investigated in
this study can of course be caused by use of different growing substrate, morphogenetic
differences between the species and special individual character of the selected species
and strains. The biological efficiency of the substrate is one of the key factors here.

For the reason that data on the nutritive value of described mushrooms grown on
common and cheap substrates such as: wheat straw, beech or birch sawdust are limited
in Poland, there is a strong need of conducting further experiments.



Comparison of Chemical Composition of Fruiting Bodies of Some Edible Mushrooms... 95

Conclusions

1. Cultivation substrates influenced chemical composition of fruiting bodies of
investigated mushrooms, especially the content of protein and carbohydrates. Higher
amount of protein was noted in fruiting bodies of mushrooms cultivated on beech
sawdust, while carbohydrates content was higher on birch sawdust substrate.

2. The fruiting bodies of tested mushroom species differed in content of protein,
carbohydrates, fat and ash. Fruiting bodies of P. eryngii contained the highest amount of
protein; while fruiting bodies of L. edodes had the highest content of fat and ash. The
highest amount of carbohydrates was observed in fruiting bodies of Auricularia genus.
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POROWNANIE SKEADU CHEMICZNEGO OWOCNIKOW WYBRANYCH GRZYBOW
UPRAWIANYCH NA PODLOZU Z TROCIN

Katedra Warzywnictwa
Uniwersytet Przyrodniczy w Poznaniu

Abstrakt: Okreslono sktad chemiczny owocnikéw wybranych grzyboéw uprawnych: dwoch odmian Lentinula
edodes; dwoch odmian Pleurotus eryngii, Auricularia auricula-judae oraz A. polytricha. Uprawg prowadzono
na dwoch rodzajach trocin: brzozowych i bukowych. Okreslono zawartos¢ biatka, thuszczu, weglowodandéw
oraz popiolu w owocnikach badanych grzybow.
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Uzyskane wyniki wykazaty wptyw rodzaju trocin na sktad chemiczny owocnikéw badanych gatunkow
i odmian grzybow jadalnych. Najwyzsza zawartoscig biatka charakteryzowaty si¢ owocniki P. eryngii,
natomiast owocniki L. edodes zawieraly najwigksza ilo$¢ tluszczu i popiotu. Owocniki grzybow z rodzaju
Auricularia charakteryzowaly si¢ najwigksza zawartoscia weglowodanow.

Stowa kluczowe: Lentinula edodes, Pleurotus eryngii, Auricularia auricula-judae, Auricularia polytricha,
owocniki, sktad chemiczny, trociny
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EFFECT OF FERTILIZATION WITH ENTEC-26
AND AMMONIUM NITRATE ON THE CHANGES
IN SELECTED CHEMICAL SOIL PROPERTIES
AFTER CARROT CULTIVATION

WPLYW NAWOZENIA ENTEC-26 T SALETRA AMONOWA
NA ZMIANY WYBRANYCH CHEMICZNYCH WEASCIWOSCI GLEBY
PO UPRAWIE MARCHWI

Abstract: In the research carried out in 2004-2005 with carrot cultivation the following combinations were
applied: 1 — Control (without N fertilization), 2 — ENTEC-26 35 + 35 kg N, 3 — ENTEC-26 70 + 70 kg N, 4 —
ENTEC-26 105 + 105 kg N, 5 — ammonium nitrate 35 + 35 kg N, 6 — ammonium nitrate 70 +70 kg N, 7 —
ammonium nitrate 105 + 105 kg N - ha '; where 35 + 35, 70 + 70 and 105 + 105 kg N - ha"' denote nitrogen
doses applied for presowing fertilization and top dressing, respectively. In case of ENTEC-26 [a fertilizer with
nitrification inhibitor, 3,4-dimethylpyrazol phosphate (DMPP)], in both years of the research a tendency of
lowering the content NH4-N in both analyzed layers of the soil with increasing nitrogen dose was observed.
These interrelations were not noted in case of fertilization with ammonium nitrate. In the individual years of
the experiments nitrogen fertilization had a dissimilar effect of the content of NH4-N, NOs-N, Cd, Cu, Pb and
Zn after the cultivation and percentage change of these chemical properties in the soil layers of 0-30 cm and
30-60 cm in relation to the values measured prior to carrot cultivation. No significant effect of applied
fertilization on soil reaction (pH) was noted.

Keywords: nitrogen leaching, nitrification inhibitor, 3,4-dimethylpyrazol phosphate (DMPP), heavy metals

One of the negative consequences of using chemical nitrogen fertilizers is the process
of leaching NO3-N from soil into groundwater [1]. This process is less intensive when
applying fertilizers containing reduced forms of N (NH4-N and NH,-N) present in
physiologically acid fertilizers. However, in the soil process of nitrification these forms
are oxidized (after initial transformation from NH,-N into NH,4-N) into NO3-N form,
which is susceptible to leaching [2]. One possibility of stabilizing reduced forms of N in
soil is the use of nitrification inhibitors [3-5]. A negative aspect of applying
physiologically acid fertilizers may be a decrease in soil pH value what contributes to
an increase of the content of heavy metals forms available for plants [6].

! Department of Soil Cultivation and Fertilization of Horticultural Plants, Faculty of Horticulture,
University of Agriculture in Krakow, al. 29 Listopada 54, 31-425 Krakéw, Poland, phone: +48 12 662 5239,
fax: +48 12 662 5240, email: ssmolen@ogr.ur.krakow.pl; wjsady@ogr.ur.krakow.pl
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The aim of our research was to determine the effect of doses and time of ENTEC-26
application [7.5 % NO3z-N, 18.5 % NH4-N, 13 % SO,4-S and nitrification inhibitor
3,4-dimethylpyrazol phosphate (DMPP)] in comparison with fertilization with ammonium
nitrate on the changes in selected chemical properties of soil after carrot cultivation.

Material and methods

The field experiment on carrot, ‘Kazan F,” cv., cultivation was conducted in
2004-2005 at Trzciana, each year on a different site within a single soil complex owned
by a single horticultural farm. The carrot plants were cultivated in a three-year crop
rotation composed of sugar beets 1% year, winter wheat 2nd year and carrot 31 year. The
seeds were sown on 24" April 2004 and 30™ April 2005. The experiments were
arranged in a split-plot design in four replications. The experiments comprised of the
following treatments: 1 — Control (without N fertilization), 2 — ENTEC-26 35 + 35 kg
N, 3 —ENTEC-26 70 + 70 kg N, 4 — ENTEC-26 105 + 105 kg N, 5 — ammonium nitrate
35 + 35 kg N, 6 — ammonium nitrate 70 + 70 kg N, 7 — ammonium nitrate 105 + 105 kg
N - ha'!'; where 35 + 35, 70 + 70 and 105 + 105 kg N - ha™' denote nitrogen doses
applied for presowing fertilization and top dressing, respectively.

Soils samples from two layers: 0-30 cm and 30—60 cm were taken in spring before
the experiment outset as well as during carrot harvesting (24™ September 2004 and 8™
September 2005). During carrot harvesting soil samples were collected for each
nitrogen fertilization treatment. Methods of soil analysis included assessment of: soil
texture using Casagrande method modified by Pruszynski, organic matter content with
Tiurin method modified by Oleksynowa and pH in H,O determined potentiometrically
(1 : 2, soil : H,O volumetric ratio). Contents of NH4-N and NO;-N forms of mineral
nitrogen in soil (after extraction with 0.03 mol - dm™> CH;COOH) were determined
using the microdistillation method. Contents of Cd, Cu, Pb and Zn (after extraction with
0.01 mol - dm™ CaCl,) were determined by AAS technique.

The results of physical chemical properties of soil prior to carrot cultivation are
presented in Table 1, while climatic conditions during the experimental period are
shown in Table 2.

Table 1
Physical and chemical characteristics of soil layers 0-30 and 30-60 cm prior
to experiment in 2004-2005
2004 2005
Characteristics

0-30 cm 30-60 cm 0-30 cm 30-60 cm
Soli texture class Silty clay Silty clay Silty clay Silty clay
Organic matter [%] 2.20 1.33 2.26 1.50
pHino 7.80 7.75 7.55 7.70
NH,-N [mg - dm ] 12.3 10.5 21.0 7.0
NO;-N [mg - dm™] 333 35.0 333 21.0
Cd [mg - kg ' 0.09 0.07 0.18 0.06
Cu[mg-kg'] 3.35 3.75 0.23 0.11
Pb [mg - kg '] 222 223 0.13 0.03
Zn [mg - kg''] 8.11 5.05 1.08 0.16
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Table 2
Meteorological data for the region where experiment was conducted
(Rzeszow-Jasionka, Poland — 50°05’ N, 21°98’ E) during the period of experiment
Year 2004 Year 2005
Specification - -
for gro(;vth period ;:r\:;:;g:tj:; Rainfall Sunshine t[z:ne]::rg;l?rlcra Rainfall Sunshine
and years °C] [mm)] [h] °C] [mm)] [h]
April 8.7 72.5 237.1 9.1 48.4 189.9
May 12.3 40.9 242.1 13.9 105.1 264.5
June 16.5 64.3 254.4 16.8 109.6 296.6
July 18.5 179.6 272.5 19.8 109.1 291.5
August 18.4 98.8 256.0 17.5 123.9 224.2
September 13.3 22.5 210.9 14.8 62.4 242.0
Mean for growth period 14.6 79.8 245.5 15.3 93.1 251.5
Sum for growth period — 558.4 1718.5 — 651.6 1760.2
Mean for year of study* 8.5 742.0 2012.0 8.3 774.0 2106.0
Mean for 1951-2005 8.1 642 1846.4%** — — —

* Data for Rzeszow-Jasionka Poland from Concise Statistical Yearbook of Poland (2000, 2001, 2002, 2003,
2004, 2005, 2006), Polish Central Statistical Office, Warsaw, Poland; ** Sunshine only for 2001-2005.

Obtained results were verified statistically with the ANOVA module of ‘Statistica
8.0 PL’ for p < 0.05. The significance of differences was computed with Duncan test.
A more detailed description of the experiments together with the results concerning the
effect of fertilization on the quantity and quality of carrot yield have been published
previously [7-9].

Results and discussion

It should be emphasized that with comparatively similar physical chemical character-
istics of soil in both years of the experiments: soil texture class, content of organic
matter and pH value (Table 1), higher rainfall in 2005 (especially in May, June, August
and September) when compared with 2004 (Table 2) could have been the reason for
lower soil content of NH,-N and NO3-N. What is more, that weather conditions could
have contributed to demonstrated differences in size of change in the content of these
forms of nitrogen in the layers 0-30 and 30-60 cm of soil after cultivation in
comparison with initial values (Fig. 1 and 2). The results of analyses of NH4-N and
NO;-N content in soil after cultivation, as well as size of changes in the content of both
form of nitrogen in 0-30 and 30—60 cm soil layers before the outset of carrot cultivation
demonstrate that the efficiency of DMPP nitrification inhibitor on stabilizing am-
monium form of nitrogen in soil depended both on fertilizer dose and the course of
climatic conditions during cultivation, with a particular emphasis on the amount and
distribution of rainfall (Table 2). In 2005, unlike in 2004, there were no significant
differences noted in the content of NHy-N in both layers of soil.
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Contrary to theoretical premises, in each year of fertilizing with ENTEC-26, there
was a tendency of lowering the content of NH4-N in both analyzed layers of soil along
with increasing nitrogen dose accompanied by consequently higher dose of nitrification
inhibitor. These interactions were not observed in case of fertilization with ammonium
nitrate (Fig. 1). In 2004, the soil fertilized with ammonium nitrate as 70 + 70 and
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Fig. 1. Effect of nitrogen fertilization on soil reaction (pH) and the content of: NH4-N, NO;-N, Cd, Cu, Pb in
0-30 and 30-60 cm soil layers after carrot cultivation in 2004 and 2005
Explanation: O layer 0-30 cm, B layer 30-60 cm, 1 — control (without N fertilization), 2 —
ENTEC-26 35 + 35 kg N, 3 — ENTEC-26 70 + 70 kg N, 4 — ENTEC-26 105 + 105 kg N, 5 —
ammonium nitrate 35 + 35 kg N, 6 — ammonium nitrate 70 + 70 kg N, 7 — ammonium nitrate
105 + 105 kg N - ha''; LSD = fertilization x soil layers; n.s. not significant
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Fig. 2. Effect of nitrogen fertilization on size of changes [%] of chemical characteristics (pH and the content
of: NH4-N, NO;-N, Cd, Cu, Pb and Zn) in 0-30 and 30-60 cm soil layers after carrot cultivation as
compared with the values measured prior to carrot cultivation in 2004 and 2005
Explanation: O layer 0-30 cm, B layer 30-60 cm, 1 — control (without N fertilization), 2 —
ENTEC-26 35 + 35 kg N, 3 — ENTEC-26 70 + 70 kg N, 4 — ENTEC-26 105 + 105 kg N, 5 —
ammonium nitrate 35 + 35 kg N, 6 — ammonium nitrate 70 + 70 kg N, 7 — ammonium nitrate
105 + 105 kg N - ha''; LSD = fertilization x soil layers; n.s. — not significant

105 + 105 kg N - ha ' was characterized by higher content of both forms of nitrogen
(NH4-N and NOs-N) than the soil fertilized with ENTEC-26 in a similar manner. The
relationships mentioned above are difficult to prove on the basis of knowledge about
nitrogen transformation in soil environment. These results could have been in-
significantly influenced by more effective plant uptake of nitrogen from ENTEC-26
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rather than from ammonium nitrate, which has been demonstrated in an earlier work [9].
Study of Gioacchini et al [4] registered a distinct effect of ENTEC-26 on NH4-N and
NO;-N contents in clay loam and sandy loam. These authors inform that nitrogen
availability is, in fact, the end result of interactions between the added substances and
the natural soil cycle.

Owing to their chemical characteristics, nitrogen fertilizers can affect soil pH value
and, as a result, influence the availability of microelements and heavy metals for plants
[6]. In the research by Zaccheo et al [10] 15-day incubation of (NH,),SO,4 with DMPP
as well as Ca(NOs), did not result in any significant changes in soil reaction as
compared with strongly acidifying action of (NHy4),SO,4 and (NH,4),S,05. Our research
does not reveal any significant influence of doses and time of application of both
physiologically acid nitrogen fertilizers on soil pH value or the content of easily soluble
forms of Cd, as well as size of change in both these parameters in 0-30 and 30—60 cm
layers of the soil after cultivation as compared with initial values (Fig. 1 and 2). In both
years of the experiments we observed a differential effect of fertilization with nitrogen
on the content of easily soluble forms of Cu, Pb and Zn in 0-30 cm and 30-60 cm
layers of soil after cultivation and size of change of these elements in comparison with
the values measured in soil before carrot cultivation. There was a significant effect of
nitrogen fertilization on the content of Zn in both years of the experiments. Con-
siderable differentiation in the content of Cu and Pb and percentage change in the
content of Cu, Pb and Zn in 0-30 cm and 30-60 cm layers of soil in comparison with
the initial values was noted in 2004 exclusively. When compared with the control, in
both years of the experiments a decrease in the content of Zn as well as Cu in 2004 —
was noted in both analyzed layers of soil from all combinations with nitrogen
fertilization. Similar relationships were observed in 2004 in case of Pb but only in the
layer 30-60 cm. In that year the content of Pb in 0-30 cm layer of soil from all
combinations of the experiment was at a comparable level.

Higher amount of rainfall during carrot cultivation in 2005 (Table 2) resulting in an
increased quantity of nitrogen leached from the soil (Fig. 1 and 2), caused a
significantly shorter interaction of applied fertilizers on soil environment. In that year of
the study, the results of Cd, Cu, Pb and Zn content analysis in soil after carrot
cultivation indicate that nitrogen fertilizer only insignificantly influenced solubility
degree of Cd, Cu, Pb and Zn in both analyzed layers of soil. There is a substantiated
hypothesis that mobile fractions of these elements could have been leached to large
extent by precipitation waters to soil layers deeper than 60 cm. However, previously
published results of the effect of applied nitrogen fertilization on the content of Cd,
Cu and Zn storage roots of carrot [7] demonstrated that in 2005 the content of Cd
and Cu in carrot was much higher, and the content of Zn insignificantly lower than in
2004. Therefore, the effect of nitrogen fertilizers on the soil content of elements
investigated in our research depended not only on their chemical characteristics but also
on the physical and chemical properties of soil as well as the course of climatic
conditions, with a special emphasis on the amount and distribution of rainfall during
cultivation period.
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Conclusions

1. In both years of the research, a tendency of higher nitrogen doses applied in the
form of ENTEC-26 resulting in the decrease of the content of NH4-N in 0-30 and
30-60 cm analyzed layers of the soil was observed.

2. Indirectly, a higher effectiveness of nitrification inhibitor DMPP (contained in
ENTEC-26) on stabilizing the form NH4-N in soil environment was noted in 2004,
which was characterized by smaller rainfall during carrot cultivation than in 2005.

3. Neither of physiologically acid nitrogen fertilizer applied in the experiments
(regardless of nitrogen dose) caused any decrease on soil pH value as well as had no
influence on the content of easily soluble forms of Cd, Cu, Pb and Zn in soil.
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WPLYW NAWOZENIA ENTEC-26 I SALETRA AMONOWA
NA ZMIANY WYBRANYCH CHEMICZNYCH WEASCIWOSCI GLEBY
PO UPRAWIE MARCHWI

Katedra Uprawy Roli i Nawozenia Ros$lin Ogrodniczych, Wydzial Ogrodniczy
Uniwersytet Rolniczy w Krakowie

Abstrakt: Badania wykonano w latach 2003-2005. W uprawie marchwi zastosowano: 1 — kontrola (bez
nawozenia azotem), 2 — ENTEC-26 35 + 35 kg N, 3 — ENTEC-26 70 + 70 kg N, 4 — ENTEC-26 105 + 105 kg
N, 5 — saletr¢ amonowa 35 + 35 kg N, 6 — saletr¢ amonowa 70 + 70 kg N, 7 — saletr¢ amonowa 105 + 105 kg
N - ha'; gdzie 35 + 35, 70 + 70 i 105 + 105 oznacza dawke azotu w kg N - ha ' zastosowana odpowiednio
przedsiewnie i poglownie.

W przypadku ENTEC-26 [nawdz z inhibitorem nitryfikacji 3,4-dimetylopyrazolofosfatem (DMPP)],
w obydwu latach badan wraz ze wzrostem dawki azotu odnotowano tendencj¢ do obnizenia zawarto$ci
NH4-N w obydwu analizowanych warstwach gleby, natomiast nie stwierdzono takich zalezno$ci w przypadku
nawozenia saletra amonowa. W poszczegolnych latach prowadzenia badan wykazano odmienny wplyw
nawozenia azotem na zawarto$¢: NHy-N, NOs-N, Cd, Cu, Pb i Zn po uprawie oraz na wartosci zamian tych
parametrow w warstwach 0-30 cm i 30-60 cm gleby w stosunku do warto$ci zmierzonych przed
rozpoczgciem uprawy marchwi. Nie stwierdzono istotnego wplywu zastosowanego nawozenia azotem na
odczyn gleby (pH).

Stowa kluczowe: wymywanie azotu, inhibitor nitryfikacji, 3,4-dimetylopyrazolofosfat (DMPP), metale
cigzkie
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Abstract: In 2003-2005 in carrot cultivation the following combinations were applied (kg N - ha™'): 1 —
Control (without N fertilization), 2 — calcium nitrate 70, 3 — calcium nitrate 70 + 70, 4 — ammonium sulphate
70 and 5 — ammonium sulphate 70 + 70; where 70 means 70 kg N - ha ' was used preplant, whereas 70 + 70
that 70 + 70 kg N - ha' was applied preplant and as a top dressing, respectively.

In the individual years of the research a diversified effect of nitrogen fertilization on the content of NH4-N,
NOs-N, Cd, Cu, Pb and Zn and soil reaction (pH) after carrot cultivation, as well the size of changes in these
chemical characteristics in 0-30 cm and 30-60 cm soil layers were noted when compared with the values
measured prior to the start of carrot cultivation. Variable climatic conditions as well as rainfall amount and its
distribution significantly influenced the content of mineral nitrogen in 0-30 and 30—-60 cm layers of soil after
carrot cultivation. In 2003, characterized by the lowest rainfall in the period of carrot cultivation and drought
in the summer months, were noted the highest content of NH4-N in 30-60 cm layer of soil fertilized with
presowing and topdressing treatment of ammonium sulfate, and NOs-N in 0-30 cm layer of soil fertilized with
presowing and top dressing treatment of calcium nitrate.

Keywords: nitrogen leaching, heavy metals

One of the negative consequences of using chemical nitrogen fertilizers is the process
of NO;-N leaching from soil into groundwater [1]. Nitrogen losses are greater
especially in case of applying fertilizer containing oxidized form of nitrogen (NO5-N)
when compared with those containing reduced form of N (NH4-N and NH,-N — present
in physiologically acid fertilizers, eg urea and ammonium sulfate) [2]. Neverthe-
less, application of physiologically acid fertilizer can lead to lowering soil pH value,
and consequently cause rise in the content of easily available forms of heavy

! Department of Soil Cultivation and Fertilization of Horticultural Plants, Faculty of Horticulture,
University of Agriculture in Krakow, al. 29 Listopada 54, 31-425 Krakéw, Poland, phone: +48 12 662 5239,
fax: +48 12 662 5240, email: ssmolen@ogr.ur.krakow.pl; wjsady@ogr.ur.krakow.pl
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metals in soil. This, in turn, can result in an increase in the content of those elements in
yield [3].

This research aimed at determining the effect of calcium nitrate (physiologically
alkaline fertilizer) and ammonium sulfate application diversified with regards to dose
and time on the change in selected properties of soil after carrot cultivation.

Material and methods

The field experiment on carrot, ‘Kazan F,” cv., cultivation was conducted in
2003-2005 at Trzciana, each year on a different site within a single soil complex owned
by a single horticultural farm. The carrot plants were cultivated in a three-year crop
rotation composed of sugar beets 1% year, winter wheat 2nd year and carrot 3rd year. The
seeds were sown on 28" April 2003, 24™ April 2004 and 30" April 2005. The
experiments were arranged in a split-plot design in four replications. Experiment
comprised of the following treatments (kg N - ha'): 1 — control (without N
fertilization), 2 — calcium nitrate 70, 3 — calcium nitrate 70 + 70, 4 — ammonium
sulphate 70 and 5 — ammonium sulphate 70 + 70; where 70 means 70 kg N - ha™' was
used preplant, whereas 70 + 70 that 70 + 70 kg N - ha ' was applied preplant and as a
top dressing, respectively. Presowing nitrogen fertilization was conducted immediately
before bed formation, whereas top dressing was performed at canopy closure (16™ June
2003, 1° July 2004 and 30™ June 2005).

Table 1

Physical and chemical characteristics of soil layers 0-30 and 30-60 cm prior to the start
of experiment in 2003-2005

2003 2004 2005
Characteristics

0-30 cm 30-60 cm 0-30 cm 30-60 cm 0-30 cm 30-60 cm
Soli texture class Clay loam Clay Silty clay Silty clay Silty clay Silty clay
Organic matter [%] 3.92 2.52 2.20 1.33 2.26 1.50
pHino 7.03 7.52 7.80 7.75 7.55 7.70
NH,-N [mg - dm ] 8.8 7.0 12.3 10.5 21.0 7.0
NO;-N [mg - dm™] 15.8 15.8 333 35.0 333 21.0
Cd[mg - kg 0.28 0.06 0.09 0.07 0.18 0.06
Cu[mg-kg'] 438 3.60 3.35 3.75 0.23 0.11
Pb [mg - kg '] 3.08 1.97 2.22 2.23 0.13 0.03
Zn [mg - kg'] 11.03 6.92 8.11 5.05 1.08 0.16

Soils samples from two layers: 0-30 cm and 30-60 cm were taken in spring
before the experiment outset as well as during carrot harvesting ( 15" September 2003,
24" September 2004 and gh September 2005). At carrot harvesting, average mixed
sample was collected from four sites of every combination. Methods of soil analysis
included assessment of: soil texture using Casagrande method modified by Pruszynski,
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organic matter content with Tiurin method modified by Oleksynowa and pH in H,O
potentiometrically (1 : 2, soil: H,O volumetric ratio). Contents of NH4-N and NOz-N
forms of mineral nitrogen in soil (after extraction with 0.03 mol - dm™ CH;COOH)
were determined using the microdistillation method. Contents of Cd, Cu, Pb and
Zn (after extraction with 0.01 mol - dm™ CaCl,) were determined by AAS technique.
The results of physical chemical properties of soil prior to carrot cultivation are presented
in Table 1, while climatic conditions during the experimental period are shown in
Table 2.

The obtained results were verified statistically with the ANOVA module of
‘Statistica 8.0 PL’ for p < 0.05. The significance of differences was computed with
Duncan test.

A more detailed description of the experiments (eg chemical characterization of soil
in each year of the study) together with the results concerning the effect of fertilization
on the quantity and quality of carrot yield have been presented in earlier works [4, 5].

Results and discussion

The lower rainfall during carrot cultivation in 2003, when compared with the years
2004-2005 (Table 2) could have been the reason for a decrease in leached NO3-N from
both analyzed soil samples (Fig. 1 and 2) originating from applied fertilization as well
as soil mineralization of organic matter. This is corroborated by the research of other
authors [6, 7]. In that year, in 0-30 cm layer of soil fertilized with calcium nitrate dosed
as 70 + 70 kg N - ha™! the highest content of NO3-N was noted in comparison with other
combinations. Similarly, this combination revealed the highest growth in content of
NO;-N in the mentioned layer of soil in relation to its content prior to carrot cultivation.
In the other two years (2004-2005), considerably higher amount of rainfall during
cultivation could have caused intensified nitrogen leaching to soil layers deeper than 60
cm. In these years, both examined soil layers did not differ significantly in the content
of NO;-N with regards to nitrogen dose. Moreover, size of changes in the NO;-N
content in soil after carrot cultivation in relation to its initial content was of negative
value, which was not noted in 2003. Research by Westerveld et al [8] revealed that
during harvesting carrot cultivated both on mineral and organic soil, the highest content
of NOs-N (in all sites fertilized with nitrogen) was present in 0-30 cm soil layer rather
than in deeper layers, 30-60 and 60—90 cm. These authors analyzed the content of
NO;-N and NH4-N in individual layers of soil only in the last year of their three-year
research cycle and carrot was grown for three years on the same field.

Information presented by Gorlach and Mazur [2] indicated that ions NH,', as
opposed to NOjs, after their introduction into soil with fertilizers containing NH4-N, are
absorbed by sorption complex to larger degree than leached to the deeper layers of soil.
In our study, despite the lack of statistical differences between the combinations in the
content of NH4-N in soil (Fig. 1 and 2) it should be emphasized that in 2003 after carrot
cultivation in 30—60 cm layer of soil fertilized with ammonium sulfate dosed as 70 + 70
kg N - ha ', the highest content of this form of nitrogen as well as statistically highest
increase in percentage content of NH,-N were observed when compared with its content
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Fig. 1. Effect of nitrogen fertilization on soil reaction (pH) and the content of: NH4-N, NO;-N, Cd, Cu, Pb in

0-30 and 30-60 cm soil layers after carrot cultivation in 2003, 2004 and 2005

Explanation: O layer 0-30 cm, M layer 30-60 cm, 1 — control (without N fertilization), 2 — calcium
nitrate 70 kg N, 3 — calcium nitrate 70 + 70 kg N, 4 — ammonium sulphate 70 kg N and 5 —
ammonium sulphate 70 + 70 kg N - ha '; LSD = fertilization x soil layers; n.s. — not significant

in soil prior to carrot cultivation. It is difficult to interpret such a interrelation. Study by
Sweeney and Granade [9] showed that fertilization with (NH,4),SO, increased the levels
of extractable SO,* in the soil, especially in layers deeper than 15 cm. It is possible that
in our study SO,” ions contained in ammonium sulfate were leached to 30-60 cm soil
layer, especially after applied top dressing treatment. During the period of drought in
the summer months that process could have been inhibited. Under the conditions of
elevated concentration of SO,* in 30-60 cm soil layer, these ions could have been
fixing with NH," ions created in the process of soil mineralization of organic matter.
The drought (in July, August and the beginning of September 2003) combined with
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Fig. 2. Effect of nitrogen fertilization on size of changes [%] of chemical characteristics (pH and the content
of: NH4-N, NOs-N, Cd, Cu, Pb and Zn) in 0-30 and 30-60 cm soil layers after carrot cultivation as
compared with the values measured prior to the start of carrot cultivation in 2003, 2004 and 2005
Explanation: OJ layer 0-30 cm, M layer 3060 cm, 1 — control (without N fertilization), 2 — calcium
nitrate 70 kg N, 3 — calcium nitrate 70 + 70 kg N, 4 — ammonium sulphate 70 kg N and 5 —
ammonium sulphate 70 + 70 kg N - ha™'; LSD = fertilization x soil layers; n.s. — not significant

elevated temperature of soil could have additionally contributed to stabilizing NH, " in
soil environment due to weakened process of nitrification [2].

In individual years of the experiment was noted a significant effect of applied
nitrogen fertilization particularly on the content of Zn in both analyzed layers of soil
(Fig. 1 and 2). However, the influence of nitrogen fertilization on the soil pH and the
content of Cd, Cu and Pb in individual layers of soil was relatively insignificant. In
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2003 the highest content of Zn in 0—30 cm soil layer was noted after presowing and top
dressing treatment with ammonium sulfate, and after presowing treatment in 30—60 cm
layer in case of soil fertilized with calcium nitrate. In 2004—2005 the highest level of Zn
in 0-30 cm layer was revealed in the soil from control site, and in case of 30-60 cm
layer of the soil fertilized with calcium nitrate after presowing and top dressing in 2004
and only presowing in 2005. It should be emphasized that after carrot cultivation in
2005, in comparison with 2003—2004, we noted a relatively high increase in percentage
content of Pb and Zn forms soluble in 0.01 mol - dm™ CaCl, both in 0-30 cm and
30-60 cm and Cu in 30—60 cm soil layer. We did not note these dependencies in case of
Cd. It is further worth noting that despite a dissimilar influence of nitrogen fertilization
on the content of Cd, Cu, Pb and Zn as well as soil pH after cultivation (and size of
changes of these parameters in relation to the values measured prior to the cultivation)
we did not found any significant effect of research factors on the content of these
elements in carrot storage roots in all years of the experiments [4].

Conclusions

1. Variable climatic conditions, and rainfall amount and its distribution, significantly
influenced the content of mineral nitrogen in 0-30 and 30-60 cm layers of soil after
carrot cultivation.

2. In 2003, characterized by the lowest rainfall in the period of carrot cultivation and
drought in the summer months, we noted the highest content of NH4-N in 30-60 cm
layer of soil fertilized with presowing and topdressing treatment of ammonium sulfate,
and NOs-N in 0-30 cm layer of soil fertilized with presowing and top dressing
treatment of calcium nitrate.

3. Diversified effect of nitrogen fertilization on soil pH value and the content of Cd,
Cu, Pb and Zn in 0-30 and 30-60 cm soil layers after carrot cultivation was revealed in
individual years of the research.
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WPLYW STOSOWANIA NAWOZOW AZOTOWYCH
NA ZMIANY WYBRANYCH CHEMICZNYCH WLASCIWOSCI GLEBY
PO UPRAWIE MARCHWI

Katedra Uprawy Roli i Nawozenia Roslin Ogrodniczych, Wydzial Ogrodniczy
Uniwersytet Przyrodniczy w Krakowie

Abstrakt: Badana wykonano w latach 2003-2005. W uprawie marchwi zastosowano (kg N - ha'): 1 —
kontrola (bez nawozenia azotem), 2 — saletra wapniowa 70, 3 — saletra wapniowa 70 + 70, 4 — siarczan amonu
70, 5 — siarczan amonu 70 + 70; gdzie 70 oznacza 70 kg N - ha ' zastosowane przedsiewnie, podczas gdy
70 + 70 odpowiednio 70 + 70 kg N - ha' azot zastosowany przedsiewnie i pogtoéwnie.

W poszczegolnych latach prowadzenia badan wykazano odmienny wplyw nawozenia azotem na
zawartos¢: N-NHy, N-NOs, Cd, Cu, Pb i Zn, jak i na odczyn gleby (pH) po uprawie oraz na zakres zmian tych
wilasciwosci w warstwach 0-30 i 30—60 cm gleby w stosunku do wartosci zmierzonych przed rozpoczgciem
uprawy marchwi. Zréznicowane warunki klimatyczne, ilo$¢ i rozktad opadéw, miaty znaczny wpltyw na
zawartos$¢ azotu mineralnego w 0-30 i 30-60 cm warstwach gleby po uprawie marchwi. W roku 2003
charakteryzujacym si¢ najmniejsza iloscig opadow w okresie uprawy marchwi oraz suszg w miesigcach
letnich stwierdzono najwigksza zawarto§¢ N-NH; w 30-60 cm warstwie gleby nawozonej przedsiewnie
i pogtéwnie siarczanem amonu, a N-NO; w 0-30 cm warstwie gleby nawozonej przedsiewnie i pogtéwnie
saletra wapniowa.

Stowa kluczowe: wymywanie azotu, metale cigzkie
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COMPARISON OF CARROT QUALITY
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AND ORGANIC METHOD
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Abstract: The experiment was conducted in the years 2006-2008 according to the rules of conventional,
integrated and organic methods. Organic cultivation was conducted on a certified organic farm. The
investigation focused on carrots ‘Flakkee 2’ cv. On the basis of average results for the three years of the
experiment there was made an assessment of the effect of cultivation method on the quantity and quality
parameters of yield, such as average mass of marketable roots, their length and diameter, and content of dry
mass, nitrates, soluble sugars, ascorbic acid and carotenoids.

The total yield, mass and length of roots were bigger in organic cultivation. Carrot dry mass content did
not differ significantly between yields coming from different cultivation systems. Nitrates contents in the
analyzed roots were low constituting 25.5-55.8 % of the admissible norm. The highest amounts were noted in
the roots from integrated cultivation. Significantly lower soluble sugar content was also revealed in the roots
from the integrated system in comparison with carrots from the other cultivation systems. No differences in
ascorbic acid or carotenoid content were shown in carrot roots coming from farms using different cultivation
methods.

Keywords: carrots, organic cultivation, integrated cultivation, conventional cultivation, yielding, root quality

Availability of food products on European markets, increasing prosperity of societies
and intensification of various civilisation diseases induce consumers to pay attention to
the quality of products for consumption. Nutritional value and safety of food products
greatly depend on raw material quality. Factors conditioning plant raw product quality
and the nutritional value of food manufactured from them include soil and climate, the
state of the natural environment and manufacturing technology.
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Products manufactured on organic farms are greatly popular. They are regarded as
a source of increased content of vitamins, carotenoids and folic acid [1]. It is commonly
known that they also contain considerable amounts of polyphenols which as secondary
metabolites are produced in considerable quantities and protect plants against harmful
pathogens [2]. Plant products coming from organic production are treated as the richest
source of antioxidants [3]. Apart from fresh products such as fruit and vegetables,
consumers reach for processed products of organic origin more and more frequently.

Organic products constitute an increasingly bigger portion of agricultural production
in most countries. Also in Poland they are winning more and more symphatizers which
can be noticed in the growing number of certified organic farms. The objective of
organic farming is manufacturing food that promotes good health and well-balanced
development of the plant and animal and world as well as of the human being [4].

Comparative research conducted on organic and conventional methods of cultivation
in recent years did not provide any synonymous confirmation of a higher quality of
products from organic plantations [5]. The differences between the obtained results are
ascribed to different factors of the conducted experiments, such as: variety of cultivars,
climatic and soil conditions, as well as the date and stage of plant harvest. Conducted
analyses of vitamin C content being an important indicator of plant product quality
revealed that its concentration was higher or comparable in organic products than in
conventional ones [6].

The rule of well-balanced production, being currently promoted in agriculture makes
farmers introduce the rules of integrated cultivation. Vegetable exports, wholesale and
retail sales or sales for the needs of processing industries will be impossible without the
appropriate certificate. Comparison of many vegetable plants conducted by Faller et al
[2] showed 10-35 % decrease in yields and increase in dry mass content in case of
vegetables from organic cultivation in relation to those from integrated production. No
differences in vitamin C content, nitrates or in a majority of macro- and microelements
were revealed. However, the results of conducted experiments are not synonymous with
these obtained by Woese et al [7] or Leclerc et al. [8]. There is still need for reliable
information concerning the real quality of products originating from organic and
integrated production as compared with those produced using traditional methods.

Material and methods

The analyses, conducted in three subsequent years 2006, 2007 and 2008, covered
‘Flakke 2’ cv. carrots cultivated according to rules of organic, integrated and
conventional production. Organic cultivation was maintained on a certified organic farm
which fulfilled the requirements of EC Regulation 2092/91 [9]. The farm is located in
the Wisniowa rural district in the Podkarpackie province. It possesses acid brown soils
with 2.39 % humus content as well as silt and clay parts constituting 71.74 % of the
granulometric composition. The integrated and conventional cultivations were conducted
on neighbouring farms with similar soil conditions. Distribution of experimental
plantations at small distances from one another allowed to eliminate differences in
climatic conditions.
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In each method of cultivation the plants were sown in the third year after farmyard
manure. The forecrops were root crops followed by cereals. Mineral fertilizers as
supplementary treatment were applied in spring in conventional and integrated
cultivations, whereas in organic cultivation slurry and certified fertilizers were used.

Minerals were maintained on the following levels: 50-70 mg N - dm, 40-60 mg
P-dm>, 120-170 mg K - dm, 60-70 mg Mg - dm >, 1500-2000 mg Ca - dm>.

Carrots cultivation, irrespective of the method was conducted on low ridge beds
using a single row sowing. Thinning was done every 2-3 cm at the phase of 2—4 true
leaves.

In organic cultivation weeds were controled mechanically. Diseases and insect pests
prevention was carried out on the strength of natural substances admitted to be used in
organic agriculture.

In the integrated method weeds were removed chemically and mechanically. The
first spraying after sowing was made on dicotyledonous weeds, the second on
unicotyledonous ones. The other weed control measures were done mechanically.
Diseases and pests were fighted against when necessary.

The conventional method used exclusively chemical protection.

Immediately after harvest root mass, their length and diameter were determined and
the following analyses were performed: content of dry mass was assessed using dryer
method at 65 °C, soluble sugars using anthrone method [10], nitrate by means of ion
selective electrode [11], carotenoids in acetone extracts (80 %) using Lichtenthaler-
-Wellburn formulas [12] and ascorbic acid content by means of iodine method [13].

The obtained results were evaluated using Statistica programme by means of
variation analysis according to LSD test at significance level p = 0.05.

Results and discussion

The course of meteorological conditions in the subsequent vegetation seasons was
diversified. Year 2006 was characterized by mean air temperature accounting for 8.7 °C.
The average temperature in May was 13.5 °C, in July 17 °C and in August 21.3 °C. In
the same years rainfall in May was 106 mm, in June 91 mm, in July 16 mm and in
August 104 mm.

The year 2007 was characterized by a uniform temperature and rainfall distribution
during the vegetation season. Average temperatures from May to September were
respectively: 15.6 °C, 18.9 °C, 20.0 °C, 19.1 °C and 12.5 °C, whereas the rainfall
amounted: 40 mm, 71 mm, 74 mm, 88 mm and 142 mm.

In 2008 the air temperatures were lower than in the previous season, respectively
from May to September: 13.6 °C, 18.0 °C, 18.7 °C, 18.9 °C and 13 °C. The rainfall in
May was 105 mm, in June 87 mm, in July 118 mm and in August 55 mm. The years
2006 and 2008 were similar concerning the course of meteorological conditions.

The results referring to yield quantity and carrot root parameters depending on the
method of cultivation were presented in Table 1.

Significantly bigger total yield of carrot roots produced using organic method was
revealed in comparison with the yields obtained by means of conventional and
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integrated methods. Only in the second year of cultivation there were no differences
between the organic and integrated methods.

In 2006 and 2008 carrot root length did not reveal any important differences
conditioned by the method of cultivation. The longest roots were obtained in the second
year of the experiments. Significantly shorter roots in comparison with organic carrots
were produced using the integrated method in 2007. On the basis of three-year results it
was demonstrated that carrots from organic cultivation produced the longest roots. No
effect of cultivation method on carrot root diameter was revealed.

The causes of diversified yield quantity or carrot root parameters may be attributed to
the influence of climatic conditions in the subsequent years. Intensive rainfalls at the
initial period of cultivation in 2006 and 2008 contributed to a considerable soil
compaction, whereas a lack of mechanical measures in the integrated and conventional
method during the vegetation season prevented an improvement of the root growth
conditions. Rainfall deficiencies occurring in summer (July 2006) and strong insolation
might have caused slowing down of the growth rate. As was demonstrated by
Krzesinski and Knaflewski [14] carrot root diameter is associated with average root
mass and their length which is determined by the environmental conditions. Carrot roots
are shorter if the air and soil temperatures are higher.

The quality of carrot roots was determined among others on the basis of dry matter
and nitrates content assessments (Table 2). The method of cultivation did not affect root
dry mass content in the first and third year of the analyses. In the second year the
smallest content was determined in carrot roots cultivated using organic method. Roots
coming from integrated cultivation did not differ with respect to dry matter content from
the roots cultivated using conventional method. Comparison of results obtained in the
subsequent years of cultivation showed the lowest content of dry matter in the third year
of the experiments, irrespective of the cultivation method, which may be the result of
moisture availability during the whole vegetation season. Multiannual averages did not
reveal any significant differences in dry matter content in carrot roots cultivated using
different methods.

Table 2

Contents of dry mass and nitrates in carrots depending on cultivation method

Dry mass N-NO;
% f.m. mg - dm juice
Method e fm] [ong - dm ™ juice]
2006 | 2007 | 2008 |AVerageforly06 | 007 | 2008 | AVerase for
method method
Conventional 12.65*% | 13.52b 11.39 12.51 158.66 | 155.75 | 144.00 152.27 a
n.s.** n.s. n.s. n.s. n.s. n.s.
Integrated 13.23 13.17b 10.79 12.39 188.25 | 279.25 | 195.00 | 220.83b
n.s. n.s. n.s. n.s. n.s. n.s.
Organic 12.88 11.80 a 11.35 12.01 127.50 | 188.50 60.75 125.58 a
n.s. n.s. n.s. n.s. n.s. n.s.
Average foryear| 12.94b | 12.83b | 11.18a 158.09 | 207.83 133.25
n.s. ns. n.s.

* Values marked with the same letters do not differ significantly as for the interaction and mean values for
each feature; ** n.s. — difference statistically not significant.
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The obtained results are different from the ones reported by Fjelkner-Modig et al [15]
who demonstrated higher content of dry mass in organic vegetables in comparison with
those from integrated production. Also Rossi et al [16] wrote about increased dry matter
in tomatoes from organic cultivation in comparison with conventional one. Nitrate
content in carrot roots remained on a low level, constituting between 25.5 and 55.8 % of
the norm [11].

Significantly higher nitrate content was registered in the roots from integrated
cultivation. The lowest contents were noted in carrot roots grown using organic method
but the differences in comparison with the roots from the conventional cultivation are
insignificant. The obtained results are not in accordance with the research of Woese et
al [7] who demonstrated lower nitrate levels in organic products in comparison with
conventional ones.

The contents of the other analyzed chemical components in carrot roots were
presented in Table 3.

Soluble sugars content differed depending on the applied method and the year of
cultivation. The lowest soluble sugar content was determined in carrot roots cultivated
using integrated method, while the highest one in carrot roots from conventional
cultivation. Sugar content in organic carrot was comparable with its content in carrots
produced by means of traditional method. The year 2008 turned out to be the least
favourable for sugar synthesis in carrot roots. On average the greatest quantity of sugar
was detected in carrots from 2007. The cause of the obtained results may be sought in
the course of thermal and moisture conditions in the analyzed years. Wet and cool
summer in 2008 contributed to a limited sugar synthesis in carrot roots.

No differences in ascorbic acid content were noted in carrot yields obtained using
different methods. Carrots harvested in 2007 contained apparently higher quantities of
this compound. Higher temperatures in June, July and August of the analyzed year in
comparison with the analogous months of the other years of the experiment might have
been the cause of the changes. Wunderlich et al [17] revealed slightly higher but
statistically insignificant content of vitamin C in spring broccoli from organic
cultivation as compared with broccoli from the conventional one. Worthington [18],
who compared vitamin C contents in various organic vegetables, found its increase
between 17 and 52 % in lettuce, spinach, tomato and cabbage in comparison with
conventionally grown vegetables, whereas in carrots this vitamin content was by 6 %
lower. On the other hand, Rossi et al [16] demonstrated lower content of vitamin C in
tomatoes from organic farming as compared with the fruit grown using conventional
and integrated method. Also Magkos et al [6] published divergent data in this scope.
Mozafar [19] reported that ascorbic acid level was conditioned by nitrogen fertilization
and pesticide residue, however various plants responded differently to these factors.

Carotenoid content in carrot roots grown using different methods did not differ
significantly. While comparing the composition of tomatoes cultivated using organic,
integrated and conventional method, Rossi et al [16] did not notice any differences in
B-carotene content in fruit from various cultivations. Leclerc et al [8] reported that
-carotene content in carrots depended on nitrogen dose, irrespectively of the applied
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form. Fertilization with big nitrogen doses causes a decline in the level of this
compound in plants.

The obtained data show that organic carrot produced the highest root yield which did
not differ from carrots grown using conventional method as for the content of sugars or
nitrate accumulation level. Carrots produced using integrated method were of the worse
quality, since with the yield similar to conventional carrots, they had the least content of
soluble sugars in comparison with carrots produced using the other methods.

Conclusions

1. Carrots from conventional cultivation showed significantly lower yield of
marketable roots and smaller mass and length of roots. Dry matter content in roots was
the highest in comparison with its content in roots from the other cultivations, but
differences were not significant. The roots from this cultivation had significantly more
sugars as compared with the roots from integrated cultivation.

2. Carrots grown according to the rules of integrated production yielded on the level
of plants cultivated using conventional method. They had noticeably greater mass of
marketable roots in relation to carrots grown in a traditional way, however no
differences in the length of roots coming from both compared cultivations were found.
Carrots from integrated production had the highest nitrate content, whereas their sugar
content was the lowest as compared with carrots grown using the other methods.

3. Organic method allowed to obtain the highest marketable yield, mass and the
length of carrot roots. Nitrates content was the lowest but did not differ significantly
from the content in the roots from conventional cultivation. These carrots were
characterized by a similar sugar level as carrots cultivated in a conventional way.

4. No significant differences were stated concerning carrot root diameter, dry matter
content, ascorbic acid or carotenoids in carrot roots cultivated using various methods.
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POROWNANIE JAKOSCI MARCHWI UPRAWIANEJ METODAMI KONWENCJONALNA,
INTEGROWANA I EKOLOGICZNA

! Katedra Przedsigborczosci i Ksztaltowania Terenéw Zieleni
Wyzsza Szkota Inzynieryjno-Ekonomiczna z siedziba w Rzeszowie
? Katedra Warzywnictwa z Ekonomika Ogrodnictwa
Uniwersytet Rolniczy w Krakowie

Abstrakt: Doswiadczenie prowadzono w latach 20062008 z zachowaniem zasad produkcji konwencjo-
nalnej, integrowanej i ekologicznej. Uprawa ekologiczna prowadzona byta w gospodarstwie certyfikowanym.
Badaniami objgto marchew odmiany ‘Flakkee 2°. Na podstawie $rednich wynikow z trzech lat doswiadczen
oceniono wplyw metody uprawy na ilo$¢ plonow oraz ich parametry jakosciowe, takie jak: $rednia masa
korzeni handlowych, ich dtugos¢ i srednica oraz zawarto$¢ suchej masy, azotandw, cukréw rozpuszczalnych,
kwasu askorbinowego oraz karotenoidow.

Plon ogdlny, masa i dlugos$¢ korzeni byly najwigksze w uprawie ekologicznej. Zawarto$¢ suchej masy
marchwi nie roznifa si¢ istotnie w korzeniach marchwi pochodzacej z réznych systemow uprawy. Zawartos¢
azotanow w badanych korzeniach byta mata i stanowila 25,5-55,8 % dopuszczalnej normy. Najwigcej
azotanéw wykryto w korzeniach pochodzacych z uprawy integrowanej. Statystycznie istotnie nizszy,
w stosunku do marchwi z pozostatych upraw, poziom cukrow rozpuszczalnych wykazano w korzeniach
marchwi pochodzacej rowniez z tego systemu uprawy. Nie wykazano réznic w zawartosci kwasu
askorbinowego oraz karotenoidow w korzeniach marchwi pochodzacej z réznych systemow uprawy.

Stowa kluczowe: marchew, uprawa ekologiczna, uprawa integrowana, uprawa konwencjonalna, plonowanie,
jakos¢ korzeni
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EFFECT OF MULTINUTRIENT COMPLEX FERTILIZERS
ON TOTAL NITROGEN AND NITRATE(V) CONTENT
IN THE TUBERS OF VERY EARLY POTATO CULTIVARS

WPLYW WIELOSKEADNIKOWYCH NAWOZOW KOMPLEKSOWYCH
NA ZAWARTOSC AZOTU OGOLNEGO I AZOTANOW(V)
W BULWACH BARDZO WCZESNYCH ODMIAN ZIEMNIAKA

Abstract: The paper presents the results of a three-year study on the effect of an application of the
multinutrient complex fertilizers and singlenutrient fertilizers on total nitrogen and nitrate(V) contents in the
tubers of very early potato cultivars.

It was found that an application of multinutrient complex fertilizers representing the nitrophoska group,
that is Nitrophoska blue special and Viking 13, was followed by an increase in total nitrogen contents in
tubers. In turn, an application of HydroComplex was associated with a total nitrogen content which was
similar to singlenutrient fertilizers. Polimag S (amophoska group) increased total nitrogen content, compared
with singlenutrient fertilizers, only in the year with a higher rainfall over the potato growing season. The
present studies demonstrated that a significant increase in nitrate(V) content in tubers followed an application
of the multinutrient complex fertilizer HydroComplex which contains most of magnesium and sulphur of all
with the nitrophoska group.

Keywords: potato, fertilization, multinutrient complex fertilizers, total N, NO3;-N

Nitrogen compounds, converted to total protein (N x 6.25), account for 1.7 to 2.3 %
potato tuber fresh matter. Nitrogen in the form of nitrates represents as little as 0.5 to
1.3 % total nitrogen. However, due to high consumption, potatoes are a source of quite
high amounts of these compounds. Approximately 27 % nitrates in a daily diet are
potato-derived ones [1, 2]. Accumulation of nitrogen compounds in potato tubers
depends on environmental conditions, agronomical factors, cultivar properties and tuber
physiological maturity [1, 3-5]. Nitrate concentration in tubers depends, to a large
extent, on mineral fertilization. Results of studies indicate that there is a possibility
of reducing nitrate contents in tubers due to an application of multinutrient fertilizers
[6, 7].

! Department of Vegetable Crops, University of Natural Sciences and Humanities in Siedlce, ul. B. Prusa
14, 08-110 Siedlce, Poland, phone: +48 25 643 1296, email: wwadas@uph.edu.pl
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The aim of the study was to compare the effect of singlenutrient and multinutrient
complex fertilizers on total nitrogen and nitrate(V) content in the tubers of very early
potato cultivars.

Materials and methods

The effect of multinutrient complex fertilizers — HydroComplex (12 % N in this 5 %
NO;-N and 7 % NH4-N, 11 % P,0s, 18 % K50, 2.6 % MgO, 8 % S, 0.015 % B, 0.02 %
Mn, 0.02 % Zn and 0.35 % Fe), Nitrophoska blue special (12 % N in this 5.5 % NO3-N
and 6.5 % NH4-N, 12 % P,Os, 17 % K,0, 2 % MgO, 6 % S, 0.02 % B and 0.01 % Zn),
Polimag S (10 % N in NO3-N, 8 % P,0s, 15 % K,0, 5 % MgO, 14 % S, 0.1 % B, 0.1 %
Cu, 0.2 % Mn and 0.5 % Zn), Viking 13 (13 % N in this 5.3 % NOs-N and 7.7 %
NHy4-N, 13 % P,0s, 21 % K,0, 1.2 % MgO, 4 % CaO and 1.4 % S), and singlenutrient
fertilizers (ammonium nitrate, single superphosphate and potassium sulphate) on total
nitrogen and nitrate(V) contents in the tubers of very early potato cultivars (‘Aster’,
‘Fresco’, ‘Gloria’) was investigated. The study was carried out in the years 2005-2007
on podzolic soil with a very high content of available phosphorus, mean to very high
content of potassium, mean content of magnesium, and pH in 1 mol - dm* KC15.0-6.8.
The field experiment was established in the split-plot design with three replications. The
multinutrient complex fertilizers and singlenutrient fertilizers were applied in the
amounts equivalent to recommended rates for the cultivars tested of 100 kg N - ha '
The remaining elements in the singlenutrient fertilizers were applied at the rates which
guarantee an appropriate N:P:K proportion for edible potatoes, that is 1:1:1.5. Potatoes
were harvested at the tuber physiological maturity stage. Laboratory studies were
conducted on samples of 50 different-sized tubers taken from each treatment. The
content of total nitrogen with Kjeldahl method and nitrate(V) with ionselective nitrate
electrode were determined.

Only the growing season of 2007 was characterised by thermal and moisture
conditions that were favourable for the cultivation of very early potato cultivars. In
2005 was drought from mid-June to the end of the growing period, and in 2006 was
mild drought during the whole growing period.

Results and discussion

The content of total nitrogen in potato tubers ranged from 9.37 to 14.48 g - kg’1 dm.;
that of nitrate(V) varied from 66.67 to 94.67 mg - kg’l f.m. Irrespective of the kind of
fertilizer applied, most total nitrogen was accumulated by potato tubers in 2006, with
the lowest rainfall over the growing season. By contrast, nitrate accumulation in tubers
in this year was the lowest (Table 1). High temperature and temporary rainfall shortages
during the growing season increase total nitrogen in tubers [1, 8], which was confirmed
in the present study.

The singlenutrient fertilizers applied in the experiment did not affect significantly
total nitrogen content in tubers (Table 1). An application of the multinutrient complex
fertilizers HydroComplex, Nitrophoska blue special and Viking 13 (nitrophoska group)
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resulted in a similar or higher total nitrogen content in tubers compared with
singlenutrient fertilizers. The highest total nitrogen content was determined in the tubers
of potato fertilized with Nitrophoska blue special and Viking 13. The respective
increases in total nitrogen content amounted to 0.55 and 0.45 g - kg_1 d.m. as compared
with singlenutrient fertilizers. The highest increase in total nitrogen content as result of
fertilization with Nitrophoska blue special and Viking 13 was obtained, respectively, in
2006 with mild drought over the growing season of potato, and in 2007 which was
moderately wet. Compared with singlenutrient fertilizers, an application of Polimag S
(amophoska group) increased total nitrogen content, on average by 1.44 g - kg™' d.m.
only in 2007 with most rainfall in the growing period of potato. By contrast, in the years
characterised by rainfall shortages, total nitrogen content in tubers was lower following
an application of Polimag S. Studies by other authors demonstrated an increase in
nitrogen content in tomato friut as result of fertilization with Polimag S [9].

Table 1

Total N [g - kg' d.m.] and NO;-N [mg - kg'' f.m.] content in tubers
in relation to the kind of fertilizer and year of cultivation

N-total NOs;-N
Kind of fertilizer

2005 2006 2007 mean 2005 2006 2007 mean
Without fertilizer 10.77 12.66 12.17 11.86 72.56 72.89 81.11 75.52
Singlenutrient fertilizers 11.58 12.75 11.42 11.91 89.00 80.67 79.56 83.07
HydroComplex 10.81 13.19 11.70 11.90 90.78 88.44 82.11 87.11
Nitrophoska blue special 12.06 13,91 11.41 12.46 81.56 76.33 79.67 79.18
Polimag S 10.38 10.92 12.14 11.15 81.56 78.33 82.22 80.70
Viking 13 10.96 13.27 12.86 12.36 84.00 78.00 80.22 80.74
Mean 11.09 12.78 11.95 11.94 83.24 79.11 80.81 80.81
LSDy s:
Years 0.19 1.88
kind of fertilizer 0.33 3.29
years x kind of fertilizer 0.56 5.70

Nitrate content in plants depends mainly on level of nitrogen fertilization and form of
nitrogen. The ammonium and urea forms of nitrogen stimulates the nitrate reductase
activity [10, 11]. Compared with cultivation without mineral fertilization, nitrate(V)
contents associated with an application of singlenutrient fertilizers and multinutrient
complex fertilizers were increased on average by 7.55 mg NO; - kg™' fm., and 3.66 to
11.59 mg NO; - kg ' fm. (Table 1). However, in no cases did it exceed the permissible
content of 200 mg NO; - kg’1 f.m. The smaller was the differences associated with an
application of Nitrophoska blue special, Polimag S and Viking 13, than with
HydroComplex application. Studies by Jablonski [12] did not show a significant effect
of Nitrophoska 12 special on nitrate(V) content in potato tubers. Of the multinutrient
complex fertilizers applied, only HydroComplex significantly increased nitrate(V)
content compared with singlenutrient fertilizers, the total nitrogen content in tuber dry
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matter being similar. Following an application of HydroComplex nitrate(V) content was
on average by 4.04 mg NO; - kg_1 f.m higher. Nitrate content in plants depends not only
on nitrogen fertilization but also on sustainable fertilization with remaining macro- and
microelements [3, 5, 13, 14]. Nitrates accumulate in plants when their uptake is greater
than possibility of reduction. Of the multinutrient complex fertilizers with the
nitrophoska group applied, HydroComplex contains most of magnesium and sulphur.
Increase amount of magnesium in plant fertilization can contribute to increase of nitrate
concentration by decrease in nitrate reductase activity [15]. In turn, increase of
sulphates decrease in considerable degree uptake of molybdenum by plants, which
is component of nitrate reductase [16]. In carrot fertilized with HydroComplex there
was observed a reduction in nitrate(V) content. The beneficial influence of Hydro-
Complex on the nitrate content in the carrot roots can be explained by the pace of
nitrogen release from this fertilizer, adapted to the nutrition requirements of the plants
[17]. Other authors reported that total nitrogen as well as nitrate(V) contents in potato
tubers decreased following an application of the fertilizers Kemira solanum and Agro
solanum [6, 7].

Table 2

Total N [g - kg' d.m.] and NO;-N [mg - kg'' f.m.] content in tubers
in relation to the kind of fertilizer and cultivar

Total N NOs-N
Kind of fertilizer

‘Aster’ | ‘Fresco’ | ‘Gloria’ | mean ‘Aster’ | ‘Fresco’ | ‘Gloria’ | mean
Without fertilizer 11.81 12.98 10.81 11.86 77.22 75.67 73.67 75.52
Singlenutrient fertilizers 10.94 13.23 11.57 11.91 84.89 80.22 84.11 83.07
HydroComplex 12.06 12.62 11.02 11.90 86.11 85.67 89.56 87.11
Nitrophoska blue special 12.13 13.25 11.99 12.46 78.78 80.56 78.22 79.18
Polimag S 10.82 11.40 11.23 11.15 77.78 87.33 77.00 80.70
Viking 13 11.67 12.56 12.86 12.36 79.00 83.22 80.00 80.74
Mean 11.57 12.67 11.58 11.94 80.63 82.11 80.42 81.06
LSDy s:
kind of fertilizer 0.33 3.29
cultivar 0.16 1.57
kind of fertilizer x cultivar 0.47 4.70

Regardless of the kind of fertilizer applied, tubers of ‘Fresco’ cv. contained more
total nitrogen compounds and nitrates(V) than ‘Aster’ and ‘Gloria’ cvs. (Table 2). Total
nitrogen content and nitrate(V) content in the tubers of ‘Fresco’ cv. were on average,
respectively, by 1.10 g - kg”' d.m. and 1.58 mg NO; - kg”' fm. higher. The cultivars
examined displayed a varied response to fertilizers applied. An application of
Nitrophoska blue special and Viking 13 was followed by the highest increase in total
nitrogen content in the tubers of, respectively, ‘Aster’ and ‘Gloria’ cvs. A higher
increase in nitrate(V) content following an application of HydroComplex was recorded
for tubers of ‘Fresco’ and ‘Gloria’ compared with ‘Aster’ cv.
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Conclusions

1. Rainfall shortages over the potato growing season increased total nitrogen
compound contents in tubers, which was accompanied by a considerable decreas in
nitrate(V) concentration.

2. When the multinutrient complex fertilizers (nitrophoska group) Nitrophoska blue
special and Viking 13 were applied, total nitrogen content in tubers was higher, and an
application of HydroComplex resulted in similar total nitrogen contents compared with
singlenutrient fertilizers.

3. An application of Polimag S (amophoska group) increased total nitrogen content
compared with singlenutrient fertilizers only in the year with higher rainfall over the
potato growing season.

4. Nitrate(V) contents in tubers increased only when the multinutrient complex
fertilizer HydroComplex containing most of magnesium and sulphur of all with the
nitrophoska group was applied.

5. Regardless of the kind of fertilizer applied, tubers of ‘Fresco’ cv. contained more
total nitrogen and nitrates(V) than ‘Aster’ and ‘Gloria’ cvs.
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WPLYW WIELOSKEADNIKOWYCH NAWOZOW KOMPLEKSOWYCH
NA ZAWARTOSC AZOTU OGOLNEGO I AZOTANOW(V)
W BULWACH BARDZO WCZESNYCH ODMIAN ZIEMNIAKA

Katedra Warzywnictwa
Uniwersytet Przyrodniczo-Humanistyczny w Siedlcach

Abstrakt: Porownywano wplyw wielosktadnikowych nawozéw kompleksowych i nawozdéw jednosktad-
nikowych na zawarto$¢ azotu ogdlnego i azotanow(V) w bulwach bardzo wczesnych odmian ziemniaka.

Po zastosowaniu wielosktadnikowych nawozow kompleksowych z grupy nitrofosek: Nitrophoska special
niebieska i Viking 13, ogdlna zawarto$¢ azotu w bulwach byta wigksza, a po zastosowaniu HydroComplexu
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podobna jak przy stosowaniu nawozow jednoskladnikowych. Stosowanie nawozu Polimag S, z grupy
amofosek, tylko w roku z wigksza ilo$cia opadow w okresie wegetacji ziemniaka powodowato zwigkszenie
ogolnej zawarto$ci azotu w poréwnaniu z nawozami jednosktadnikowymi. Badania wykazatly istotny wzrost
zawartosci azotandw(V) w bulwach tylko po zastosowaniu wielosktadnikowego nawozu kompleksowego
HydroComplex, zawierajacego najwigcej magnezu i siarki ze wszystkich stosowanych nitrofosek.

Stowa kluczowe: ziemniak, nawozenie, wielosktadnikowe nawozy kompleksowe, N ogdlny, N-NO;
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CHANGES IN CONTENTS OF NITRATES(V)
AND NITRATESII) IN SMALL RADISH
PACKAGED AND STORED IN MODIFIED ATMOSPHERE
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W RZODKIEWCE ZAPAKOWANEJ I PRZECHOWYWANEJ
W ATMOSFERZE MODYFIKOWANEJ

Abstract: The aim of the study was to analyze changes in contents of nitrates(V) and nitrates(Il) in small
radish packaged in modified atmosphere using film with different oxygen permeability (3000 cm® - m 2 - 24
h' - bar ' and 200 cm® - m? - 24 h'' - bar ). In the packaging process air atmosphere was applied as well as
modified atmosphere with the two following composition: 10 % O,, 10 % CO,, 80 % N, and 20 % O,, 25 %
CO,, 55 % N,. Samples were stored for 12 days at 4 C.

In fresh small radish nitrate(V) content was 1608 mg - kg'. During storage of analyzed samples
a statistically significant (p < 0.05) increase was observed in the contents of the above-mentioned compounds,
irrespective of the applied atmosphere composition and the type of packaging film. The presence of
nitrates(II) was detected only after 12 days of storage in small radish packaged in modified atmosphere using
film with oxygen permeability of 200 cm® - m™ - 24 h™' - bar . It results from conducted analyses that the
application of film with high oxygen permeability in the packaging of small radish, both in case of air
atmosphere and atmosphere with the percentage composition of O,/CO,/N,: 10/10/80 and 20/25/55, makes it
possible to maintain aerobic conditions inside the packaging and thus prevent the accumulation of
nitrates(I1I).

Keywords: small radish, nitrates(V) and nitrates(IlI), modified atmosphere, films with different oxygen
permeability

Vegetables are valuable sources of vitamins, minerals and bioactive compounds in
human diet, but at the same time they may contain substances harmful for the human
organism, such as nitrates(V) and nitrates(II) as well as heavy metals, which they
absorb from the soil and atmosphere. Nitrates(V) are accumulated first of all in root
vegetables, vegetables with a short vegetation period as well as early vegetable cultivars

! Institute of Food Technology of Plant Origin, Poznan University of Life Sciences, ul. Wojska Polskiego
28, 60—-637 Poznan, Poland, phone: +48 61 846 6043, email: tomczak@up.poznan.pl
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[1]. One needs to focus here on greenhouse-grown vegetables, which due to the
intensive nitrate(V) fertilization, insufficient lighting and limited vegetation period, are
to a considerable degree at risk of nitrate(V) accumulation [2]. The accumulation of
nitrates(V) in plants is affected by botanic factors, such as species, cultivar or
maturation stage, and environmental factors, eg nitrogen rate and date of fertilizer
application, temperature, insolation, mineral resources and moisture content of soil [3].
The adopted methods of transport and storage after harvest also have an effect on the
metabolism of nitrates(V) and nitrates(IIl) in vegetables.

Small radish as a vegetable with a very short vegetation period, accumulating reserve
substances in the thickening of the stem section below the cotyledon, frequently grown
in greenhouses for early spring harvest, tends to accumulate nitrates(V), which may
next be reduced to nitrates(IIl). Literature data confirm that the activity of nitrate(V)
reductase is connected with the availability of sugars and light. Thus insufficient
lighting in case of greenhouse or early spring growing creates conditions reducing the
course of photosynthesis (formation of carbohydrates) and inhibiting the activity of
nitrate(V) reductase responsible for nitrate metabolism [4]. In case of small radish
excess nitrates(V) in the stem thickening result not only from intensive fertilization, but
also conditions and duration of transport and storage, as well as those under which the
vegetable is stored by consumers at home, which frequently leads to wilting and
scalding of vegetables. Plants with yellow, rotting leaves constitute a potential source of
harmful nitrates(II) and N-nitroso compounds [5].

Modified atmosphere packaging is a method used with increasing frequency to
extend the shelf life and storage time for minimally processed vegetables. However, the
composition of atmosphere inside the packaging, changing during vegetable storage,
may contribute to a considerable deterioration of raw material quality or even pose
a health hazard. Thus the application of a packaging material adequately selected to suit
a given raw material is a significant element determining the quality of the stored
product, including also a limitation of nitrate(II) accumulation and the application of
biologically active compounds.

The aim of the study was to investigate changes in contents of nitrates(V) and
nitrates(I1I) as well as physicochemical characteristics and sensory attributes of
small radish packaged in modified atmosphere, using film with different oxygen
permeability.

Materials and methods

The analyses were conducted on greenhouse-grown small radish, harvested in
February and purchased in a retail outlet.

Tested raw material was washed, inedible parts were removed and then it was again
washed and dried. Next radish was packaged in batches of 100 g into 15 % 21 cm plastic
bags of elastic film with oxygen permeability of 3000 em® - m?-24h" - bar! (My Films
Standard, Cryovac, Polska) and 200 em®-m?2-24h" - bar! (PA/PE 75 MY, Multivac,
Polska). Bags were sealed in air atmosphere and in modified atmosphere with the two
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following compositions: 10 % O,, 10 % CO,, 80 % N, and 20 % O,, 25 % CO,, 55 %
N, (an A 300 Multivac sealing machine). The product was stored for 12 days at 4 °C.

Analyses of nitrate(V) and nitrate(III) contents, sensory examination as well as
measurements of active acidity, soluble solids contents and changes in O, and CO,
contents in the atmosphere inside the packaging were conducted after 1, 6 and 12 days
of storage.

Contents of nitrates(V) and nitrates(III) were determined by colorimetry using Griess
reagents (wavelength A = 538 nm), with the use of direct reduction of nitrates(V) to
nitrates(III) by metallic cadmium, in accordance with Polish Standard PN-92/A-75112,
being an equivalent of ISO 6635:1984 [6]. In the preliminary stage of determination
samples were shaken with active carbon in order to remove the colouring originating
from chlorophyll.

Sensory examination was performed immediately after the opening of bags with
radishes. Examinations were conducted using a 5-point scale, in three replications for
each sample. Contents of oxygen and carbon dioxide in the atmosphere inside the
packaging were determined in three replications using an OXYBABY®V wireless gas
analyzer by Witt-Gasetechnik. Soluble solids contents were determined according to
Polish Standard PN-90/A 75101/02 [7], while active acidity — according to PN-90/A
75101/06 [8].

Statistical analysis of results was conducted based on the univariate analysis of
variance and LSD Fisher’s test. Statistically significant differences were described at
the significance level p < 0.05. The analysis was performed using Statistica ver. 7.0
software (StatSoft, Poland).

Results and discussion

In the raw material the content of nitrates(V) was 1608 mg NaNO; - kg~! d.m., while
nitrates(III) were not detected. Nitrate(V) content in samples after 1-day storage was
similar to their level in the raw material, ranging from 1352 to 1884 mg - kgf1 d.m.
(Fig. 1). In the course of storage of analyzed samples, a statistically significant
(p £ 0.05) increase was recorded in the contents of the above-mentioned compounds,
irrespective of the applied composition of atmosphere and the type of packaging film.
The increase in the contents of nitrates(V) in analyzed samples ranged from approx. 8 %
in samples packaged in film with oxygen permeability of 3000 cm® - m 2 - 24 h™' - bar!
to approx. 25 % in samples packaged in film with permeability of 200 cm® - m? - 24
h™' - bar !, Such an increase in the level of nitrates in plant origin materials may result
from physiological changes in nitrogen compounds [9]. The contents of analyzed
compounds in all samples were no more than 2000 mg - kg .

Admissible daily intake of nitrates(V), according to FAO/WHO [10], is 350 mg
NaNO; - day ' (for an individual weighing 70 kg). In case of fresh radish a portion
of approx. 220 g covers ADI (Acceptable Daily Intake, mg/kg)) for an individual
weighing 70 kg, while in case of stored small radishes the admissible daily intake
of nitrates(V) would be supplied in a portion of approx. 170 g. The above examples
concern adults, while in case of children the consumption of several radishes
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Fig. 1. Changes in nitrates(V) contents in stored small radish packaged in modified atmosphere using film
with different oxygen permeability: * — composition of modified atmosphere %0,/%CO,/%N;
#* _ film with oxygen permeability in cm® - m?- 24 h™' - bar '; a — statistically significant differences
(p £ 0.05) between: the contents nitrates(V) after 6, 12 days of storage and after 1 day storage (within
the same variant)

would result in exceeded ADI for nitrates(V). Thus it is advisable to suggest a reduced
consumption of large amounts of small radishes, especially in the autumn and
winter period. In that time this vegetable comes from greenhouse cultivation, with
intensive fertilization and poor lighting under short day conditions. This results in the
reduction of photosynthesis and the accumulation of nitrates(V) absorbed from
the substrate [5]. Light is the primary factor regulating the activity of nitrate(V)
and nitrate(III) reductases, contributing to the assimilation of reduced forms of nitrogen
[11, 12].

After 12-day storage in radish packaged in modified atmosphere in film with oxygen
permeability of 200 cm® - m2 - 24 h™! - bar ' the presence of nitrates(IIl) was detected
(Fig. 2). In these bags anaerobic conditions were generated as early as after 6 days of
storage. In contrast, in analogous samples packaged in film with oxygen permeability of
3000 cm® - m 2 -24 h' - bar!, nitrates(IIT) were not detected and the concentration of

14
film 3000** film 200**
1.24 —

1.04
0.8 1
0.6 1
0.4 1
0.2 1

0.0 |_|

Raw Air 10/10/80* 20/25/55* Air 10/10/80* 20/25/55*
material

Nitrate(lll) [mg - kg~" f.m.]

’ 11 day 6days [ 12 days ‘

Fig. 2. Changes in nitrates(I1I) contents in stored small radish packaged in modified atmosphere using film
with different oxygen permeability (explanations as in Fig. 1)



Changes in Contents of Nitrates(V) and Nitrates(IlI) in Small Radish... 133

oxygen in the packagings was at least 10 %. Thus it may be concluded that the
application of packagings with high oxygen permeability during storage of radishes in
air or modified atmosphere with the two following compositions: 10 % O,/10 %
CO,/80 % N, and 20 % 0,/25 % CO,/55 % N,, prevents the generation of anaerobic
conditions in the packaging, which would be conducive of the accumulation of
nitrates(III) in the stored product. Bakowski et al [13] recorded an increase in the
contents of nitrates(I1I) to approx. 100 mg - kg’1 in spinach packaged in impermeable
plastic bags as early as after 4 days of storage.

Radish, as a vegetable of the turnip family, is characterized by high respiration
intensity, ie 40-70 mg CO, - kg'1 - h™! [14]. This raw material after harvest wilts fast
and becomes scalded, which makes it suitable only for immediate consumption [15].
However, small radishes are available both in wholesale and retail sold on trays and
sealed with solid film, which — as it results from the analyses presented above — may
constitute a health hazard at their considerable consumption.

Based on the conducted measurements of gas contents in the atmosphere inside
the packaging with stored radish it was found that in samples packaged in film with
low oxygen permeability (200 em® - m? - 24 h' - bar') anaerobic conditions
are generated as carly as after 6-day storage and at the same time high contents of
carbon dioxide were recorded (from 25 to 40 %). In these samples, as it was described
above, the presence of nitrates(III) and a higher increase in the contents of nitrates(V)
were found. It results from literature data that the application of too high concentration
of carbon dioxide in the atmosphere inside the packaging may cause in case of
vegetables physiological changes and microbiological spoilage [16]. Sensitivity to high
carbon dioxide concentrations is dependent on the species of the raw material, the
degree of its comminution and storage temperature. In most studies concerning
modified atmosphere packaging of vegetables a 20-30 % concentration of carbon
dioxide is reported to be the threshold level, not causing physiological damage to
packaged products [17-19]. In case of radish there is no available literature data
defining the threshold concentration of carbon dioxide in the atmosphere, which would
not cause any physiological changes.

Adverse changes caused by a high proportion of carbon dioxide in the atmosphere
inside the packaging with stored radish were confirmed by sensory examination.
Samples in which anaerobic conditions were formed after 12-day storage received the
lowest scores in the overall sensory examination (2.6, 2.3, 2.1) (Table 1).

In samples packaged in film with high oxygen permeability (3000 em® - m? - 24
h™' - bar "), both in air and modified atmosphere, the presence of oxygen was recorded
throughout their entire storage, at the simultaneous low levels of carbon dioxide in the
packaging. These samples also received high scores in sensory examination throughout
their storage, from 4.7 to 5.0 (Table 1).

Values of pH in analyzed products after 1-day storage ranged from 6.3 to 6.4. During
storage a significant decrease in pH of samples was recorded and after 12-day storage
these values ranged from 6.1 to 6.3 (Table 1). A similar dependence was reported in
case of soluble solids contents in the analyzed product, which decreased significantly
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after 12-day storage in all samples, irrespective of the packaging material and the
composition of atmosphere applied in packaging.

Conclusions

1. Contents of nitrates(V) in the raw material and in samples after 1-day storage
ranged from 1352 to 1884 mg - kg' d.m.

2. In small radish packaged in modified atmosphere using film with oxygen
permeability of 200 cm® - m 2 - 24 h™' - bar ! the presence of nitrates(II) was detected
after 12-day storage.

3. In samples packaged in film with oxygen permeability of 200 em® - m? - 24
h™' - bar ' after 6-day storage in anaerobic atmosphere was generated with high contents
of carbon dioxide. These samples also received the lowest scores in the overall sensory
examination.

4. It results from the conducted analyses that the application of film with high
oxygen permeability to package small radish, both in air and modified atmosphere with
the percentage composition of O,/CO,/N,: 10/10/80 and 20/25/55, makes it possible to
maintain aerobic conditions inside the packaging and thus prevent the accumulation of
nitrates(I1I).
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ZMIANY ZAWARTOSCI AZOTANOW(V) I AZOTANOW(III) W RZODKIEWCE
ZAPAKOWANEJ I PRZECHOWYWANEJ W ATMOSFERZE MODYFIKOWANEJ

Instytut Technologii Zywnosci Pochodzenia Ro$linnego
Uniwersytet Przyrodniczy w Poznaniu

Abstrakt: Celem pracy bylo zbadanie zmian zawartosci azotanow(V) i (III) w rzodkiewce zapakowane;j
w atmosferze modyfikowanej, z zastosowaniem folii o r6znej przepuszczalnosci tlenu (3000 ecm® - m™2 - 24
h™' - bar ! oraz 200 cm® - m > - 24 h™' - bar ). Do pakowania zastosowano atmosfere powietrza oraz atmosfere
modyfikowana o nastgpujacym dwoch wariantach sktadu: 10 % O,, 10 % CO,, 80 % N, oraz 20 % O,, 25 %
CO,, 55 % N,. Probki przechowywano przez 12 dni w temperaturze 4 °C.

W éwiezej rzodkiewce zawarto$é azotandéw(V) wynosila 1608 mg - kg™'. W czasie przechowywania
badanych probek, odnotowano istotny statystycznie (p < 0.05) wzrost zawartosci azotanéw(V), niezaleznie od
zastosowanego sktadu atmosfery oraz rodzaju folii opakowaniowej. Obecnosé¢ azotandw(IIl) stwierdzono
jedynie po 12 dniach przechowywania, w rzodkiewce zapakowanej w atmosferze modyfikowanej przy
zastosowaniu folii o przepuszczalno$ci tlenu 200 cm® - m? - 24 h' - bar’". Z przeprowadzonych badan
wynika, ze zastosowanie do pakowania rzodkiewki folii o duzej przepuszczalnosci tlenu zaréwno przy
zapakowaniu jej w atmosferze powietrza, jak i w atmosferze o procentowym udziale O,/CO,/N,: 10/10/80
i 20/25/55 pozwala zachowaé¢ warunki tlenowe wewnatrz opakowania, a tym samym uniknaé¢ kumulacji
azotanow(IIT).

Stowa kluczowe: rzodkiewka, azotany(V) i (III), atmosfera modyfikowana, folie o rdznej przepuszczalnosci
dla tlenu
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IN CELERY STALKS

WPLYW FOLII STOSOWANEJ W TUNELACH NISKICH
ORAZ DO CIENIOWANIA NA METABOLIZM AZOTANOW
W OGONKACH LISCIOWYCH SELERA NACIOWEGO

Abstract: The results of three-year studies (2005-2007) on the effect of various colours of film (transparent,
white, and black) made of original and recycled materials used as tunnel covers and plant shades before
harvest on the nitrate metabolism in celery, ‘Tango’ cv., have been presented. Nitrate content, nitrate
reductase activity as well as ammonium ions and free amino acid content in celery stalks were estimated. In
the first experiment celery plants were grown in tunnels since the day of planting, then the films were
removed a month before harvest and in the second one — film shades of proper films were fixed on the low
tunnels construction two weeks before harvest.

The content of nitrate and its metabolism was more significantly modified in the second experiment; with
the reducing PAR permeability of film, the significant decrease of nitrate activity in celery stalks was shown.
In both experiments the lowest content of nitrates was estimated in stalks of the celery grown under
transparent film. The highest content of free amino acids in celery stalks in black film application was
observed. The film colour had greater effect on nitrate content and its metabolism than the material of the
film.

Keywords: transparent, white and black film, nitrates, nitrate reductase, ammonium ions

The quantity and quality of the celery yield is commonly modified by the field
cultivation factors, for example by mulching [1] and direct stalks shading [2]. Some
studies showed that plant shading can effectively improve the commercial value of
cucumber fruits and celery stalks in respect to their appearance and taste [3]. However,
reducing access to light can modify many physiological processes in plants, particularly
photosynthesis and nitrogen metabolism. For example, light is a necessary factor to
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nitrate reduction [4]. Lower light intensity which usually occurs under shades, may
result in decrease of nitrate reductase activity, the enzyme responsible for nitrate level
in plants [5].

Nitrate(V) is a natural and important component of vegetable, which play nutritional
and signaling role affecting the proper growth and development of plants. According to
the recent scientific opinion [6], there is a sustained need for research on factors that
influence nitrate content in edible parts of vegetables. Because of the risk to human
health from nitrates(III) and N-nitroso compounds, which appear during incomplete
reduction of nitrates after vegetable consumption, such studies are very important. Some
works indicate that leafy vegetables, including celery plants may accumulate consider-
able amounts of nitrates [7]. However, in available literature there are only a few studies
on the effect of plant direct shading on nitrate content and their metabolism in
vegetables.

The main objective of this study was to determine the effect of transparent, white and
black films made of original and recycled materials, used in low tunnels and plant
shades before harvest on nitrate reductase activity and nitrate and ammonium ions
content in stalks of celery ‘Tango’ cv.

Material and methods

The study with celery (Apium graveolens L. var. dulce) ‘Tango’ cultivar was carried
out in 2005-2007 at Experimental Station University of Agriculture in Krakow. Each
year in the autumn field was fertilized with phosphorous and potassium in dose of 100
kg P,Os - ha™' and 200 kg K,O - ha™' and with manure (35 Mg - ha™'). In the spring
2005-2007 prior to planting, the field was fertilized with 50, 75 and 50 kg N - ha!
(NH4NO; + CaCOy), respectively, and after planting each year with 20 kg N - ha™!
(NH4NO3). Celery seedlings were planted in 30 x 25 cm distance on 20, 19 and 17 April
and collected on 7-8, 12—13 and 4-5 July, respectively.

The work concerns two experiments. In the first, celery plants were grown in low
tunnels (1.5 m width, 0.75 m height and 10 m length) since planting to 30" May 2005,
1% June 2006, and 2™ June 2007. In the second — plants were shaded for 14 days before
harvest. In both experiments various kinds of plastic films were used: transparent, white
and black made of original and recycled material. Seventh treatment was control (plants
without film). All polyethylene films of original (Basell Orlen Polyolefins) and recycled
(Gumiplast) material were manufactured by “Jagapol” Film Manufacturing Facility in
Krakow. The higher PAR (Photosynthetically Active Radiation) transmission was
determined for transparent films — original (87.1 %) and recycled (83.7 %) used for the
covering of tunnels, followed by white (60 and 63 %, respectively) and black (33.8 and
38.6 %) films. The lower transmission had white and black films used for shading
before harvest [8].

Each treatment consisted of 160 plants (four fields of 3 m’ area with 40 plants). On
the day of harvest, about 9 a.m., 12 plants (3 from each treatment) were randomly
collected for chemical analyses. From each plant a representative leaf of the middle part
of celery rosette (not outer and not inner) has been selected. Nitrate reductase activity
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(NR) was determined in accordance with Jaworski method slightly modified by Rozek
[9]. NO; and NH,' ions content in plant extracts (prepared in 0.02 mol - dm
Aly(SOy4); - 18 H,0) was determined using ion-selective electrodes connected to
ORION 920A + ionometer. The total free amino acids were estimated according to
Korenman [10].

The results were statistically analysed using Neumann-Keuls test at a significant
level of p = 0.05.

Results and discussion

In the first experiment (Table 1) both nitrate reductase activity and nitrate ions
content in celery stalks were distinctly differentiated. These results might have been
associated with climatic factors which differed in each year of the study [11]. Higher
accumulation of nitrates in 2006 was accompanied by lower NR activity in comparison
with other years. Low rainfalls and high air temperature in May and June 2006 might
have been the reason for inhibition of nitrate reductase, which results in higher nitrate
accumulation in plants, especially noticable in stalks from black film treatments. It has
been shown, that drought [12] and deficit of light [4] are factors strongly inhibiting the
activity of nitrate reductase in leaves. In 2007 better weather conditions [11] affected
the decreasing of nitrate level and increasing of ammonium ions, the final product
of nitrate reduction. The amino acids level was in general less differentiated in
individual years of experiment, slightly higher in stalks with more intense nitrate
metabolism.

It seems to be possible that in the first experiment nitrate metabolism in celery stalks
was slightly modified by the kind of plastic film used for tunnels covering. In
May/June, after stabilizing of temperature conditions films were removed from the
tunnel constructions. Presented results (Table 1) were reflection of two factors: the
shading in April/May and the weather conditions in the final stage (June) of celery
growing period. However, it is interesting, that in each year of the study the lowest
values of nitrates content (in comparison with control plants, too) were in celery stalks
from tunnels covered with transparent film and in 2007 additionally with the white one.
This observation suggests the positive effect of transparent film used as low tunnel
covers for covering of low tunnels in the first stage of vegetation to improve the celery
stalks quality. Despite of the lowest content of nitrates, the highest level of ascorbic acid
and soluble sugars in this case was shown [11].

The nitrate metabolism was more distinctly modified in the second experiment when
films of various colour and material were fixed on the low tunnels construction in the
middle of June, two weeks before harvest (Table 2). The obtained results are connected
with differences in physical properties of films. In general, with the reducing film
transmission for light, the decrease of nitrate reductase activity and increase of nitrates
in celery stalks was shown. Comparable results were obtained in the similar study with
butterhead lettuce ,"Melodion’ cv. [13]. Rapid plant shading influences a significant
decrease of nitrate reductase activity by phosphorylation Ser residue of the enzyme.
Light induces dephosphorylation and thereby activation of NR. Moreover, light
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stimulates synthesis de novo of this enzyme [4]. The dependence between nitrate
reductase activity and nitrates was distinctly observed in the first and the last year of
investigation. In 2006 because of very high temperatures in June the film shades had to
be lifted what might have changed the results of NR activity. It is worthy to notice that
preharvest plant shading with transparent film, regardless of its origin, caused a
significant decrease of nitrates content in celery stalks. In 2005 and 2006 the level of
these compounds was even lower than in the control. Another parameters presented in
parallel work [14] indicate that this method of celery cultivation has an advantageous
effect on improvement of yield quality.

Under black film shades poor nitrate metabolism in celery stalks was accompanied
by low content of ammonium ions and the highest of free amino acids (Table 2). The
last one might have been related to protein biosynthesis inhibition or catabolic processes
increase after light intensity reduction. It has been shown recently that the level of total
free amino acids is much higher in plants with fully deregulated nitrate reductase [15].

In both experiments no evident effect of film material (original or recycled) on nitrate
metabolism was indicated. In the case of nitrate content the better effects were obtained
with application of original material than the recycled one.

Conclusions

1. Nitrates content was the lowest in celery stalks of plants grown in tunnels covered
with transparent film.

2. In experiment with plant shading two weeks before harvest, in most cases, with the
reducing of film transmission for light the decrease of nitrate reductase activity and
increase of nitrates in celery stalks was shown.

3. In stalks of celery shaded with black films at the final stage of growing period the
lower level of ammonium ions and the highest of free amino acids was shown.

4. The film colour had greater effect on nitrate content and its metabolism than
material of the film.
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WPLYW FOLII STOSOWANEJ W TUNELACH NISKICH ORAZ DO CIENIOWANIA
NA METABOLIZM AZOTANOW W OGONKACH LISCIOWYCH SELERA NACIOWEGO

Wydziat Ogrodniczy
Uniwersytet Rolniczy w Krakowie

Abstrakt: Przedstawiono wyniki trzyletnich badan (2005-2007) nad wptywem folii polietylenowej wyko-
nanej z surowca oryginalnego i recyklingowego (bezbarwnej, biatej i czarnej) wykorzystanej do pokrycia
tuneli niskich oraz do cieniowania roslin przed zbiorem na metabolizm azotanéw w ogonkach lisciowych
selera naciowego odmiany ‘Tango’. Wykonano oznaczenia zawartosci azotandw, aktywnosci reduktazy
azotanowej, jak rowniez zawarto$ci jonow amonowych oraz wolnych aminokwasow. W pierwszym do-
$wiadczeniu rosliny selera rosty w tunelach od wysadzenia rozsady, po czym okoto miesiac przed zbiorem
zdejmowano folie, a w drugim — folie rozciggano na konstrukcji tuneli niskich na dwa tygodnie przed
zbiorem.

Zawartos¢ 1 przemiany azotanéw byly bardziej modyfikowane w doswiadczeniu drugim; wraz ze
zmniejszaniem si¢ przepuszczalnosci folii dla PAR stwierdzono znaczny spadek aktywnosci reduktazy
azotanowej w ogonkach lisciowych selera. W obu eksperymentach najnizszy poziom azotanéw odnotowano
w ogonkach selera, zebranych spod folii bezbarwnych. Najwigksza zawartos¢ wolnych aminokwaséw
obserwowano w kombinacjach z folig czarna. Wigkszy wplyw na zawarto$¢ i przemiany azotandéw miato
zabarwienie uzytych folii niz materiat, z ktérego je wykonano.

Stowa kluczowe: folia bezbarwna, biala i czarna, azotany, reduktaza azotanowa, jony amonowe
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USE OF MEDIA SUPPLEMENTED
WITH COMPOST CONTAINING POTATO PULP
IN CULTIVATION OF EGYPTIAN STAR CLUSTER
(Pentas lanceolata (Forssk.) Deflers)

ZASTOSOWANIE PODLOZY WZBOGACONYCH W KOMPOST
ZAWIERAJACY WYCIERKE ZIEMNIACZANA
W UPRAWIE PIATAKA LANCETOWATEGO
(Pentas lanceolata (Forssk.) Deflers)

Abstract: Two experiments were carried out in the years 2005-2006 to examine if media supplemented with
20, 40 or 60 % compost containing 70 % potato pulp and 30 % rye straw can be used in cultivation of three
cultivars of Pentas lanceolata. In the first experiment compost after 7 months of composting process was used
and in the second experiment compost after 19 months of composting process was used.

It was found that mixtures of 20 % compost and 80 % sphagnum peat can be recommended for Egyptian
star cluster cultivation. Plants cultivated in such media were healthy, well-formed and blossomed abundantly.
Media containing 40 and 60 % compost were characterized by too high macroelements content and by too
salinity. Plants cultivated in such media were small and blossomed poorly.

Keywords: Pentas lanceolata, compost, potato pulp, cultivation

Resources of sphagnum peat are getting smaller and new media or media components
are sought-after to replace sphagnum peat in horticultural production. Waste material
from food industry: cocoa hulls, rice chaff and potato pulp; wood industry: pine bark
and sawdust; and municipal waste: sewage sludge are used first of all [1-6].

Potato pulp contains macroelements (nitrogen, phosphorus, potassium) and that is
why it can be used as an organic fertilizer or a component of composts supplemented
with sewage sludge [7, 8]. Potato pulp is often composted with some structure-forming
material such sawdust or straw to improve its physical properties [7-9].

Egyptian star cluster is a half-shrub, cultivated as a pot plant, which belongs to
the family Rubiaceae. Dark-green leaves and star-shaped flowers are decorative

! Department of Horticulture, Section of Ornamental Plants, West Pomeranian University of Technology
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elements of that species. Its cultivars are characterized by white, purple-red or pink
flowers [10].

The aim of conducted experiments was to examine the possibilities of the use of
compost containing potato pulp and straw in Pentas lanceolata cultivation.

Material and methods

Two pot experiments were carried out in the years 2005-2006. The experimental
factors were: medium and cultivar.

Production of compost used in the experiments started in September 2004. Compost
contained 70 % potato pulp and 30 % rye straw cut into pieces of 5-6 cm length.
Compost components were well mixed and put into a plastic container in a storage
room.

The following assessments of potato pulp, rye straw and compost after 7 months of
composting process were made: dry matter content, pH (in H,0), total content of N, P,
K, Ca and Mg as well as organic C content with methods usual used in agricultural
chemistry [11]. Dry matter content was estimated by the method of drying to the stable
weight (105 °C), pH (in H,0) by the potentiometric method, total N by Kjeldahl
method, total P by the colorimetric method, total K and Ca by the flame photometry
method, Mg by the atomic spectrometry absorption method and organic C by Tiurin
method.

In the first experiment compost after 7 months of composting process was used and
in the second experiment compost after 19 months of composting process was used as a
component of media for Pentas lanceolata grow. The following assessments of media
used in the experiments were made: pH (in H,0), salinity, NOs-N, available forms of P,
K, Ca and Mg. Content of NO5-N was assessed by the ionometric method, P — by the
colorimetric method, K and Ca — by the flame photometry method, Mg — by the method
of atomic spectrometry absorption. In both years of studies chemical analyses of media
were carried out in the first decade of July, before seedlings planting.

In both years of experiments three cultivars of Pentas lanceolata: ‘Graffiti Pink F,’,
‘Graffiti Violet F,” and ‘Graffiti White F,” were the test plants. Seeds of Pentas
lanceolata were sown in the first decade of May. Two months later seedlings were
planted to 12-cm pots (V = 1.0 dm®). Four medium variants were used: 1 — sphagnum
peat adjusted to pH 6.9 (in the first year of studies) and to pH 6.6 (in the second year of
studies), supplemented with 5 g - dm™ of slow-release fertilizer Osmocote Exact 3-4
Standard (16 + 11 + 11 + microelements); 2—4 — mixtures of compost and sphagnum
peat: 2-20 % compost + 80 % sphagnum peat, 3—40 % compost + 60 % sphagnum peat,
4-60 % compost + 40 % sphagnum peat. Compost and sphagnum peat were mixed in a
volumetric relation. No fertilizer was added to the mixtures of compost and peat before
seedlings planting.

Plants were cultivated in a greenhouse. In the second decade of July and in the
second decade of August all experimental plants were fertilized with a water solution of
Peters Professional (15 + 11 + 29) in concentration of 0.2 % and in a dose of 100 cm’
per plant. In the second half of September (in full flowering) the measurements of plants
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height, diameter and number of inflorescences were conducted. Greenness index of
leaves was also measured by the means of Chlorophyll Meter SPAD-502.

The method of complete randomization in five repetitions was used. Twelve plants
were in each experimental object. The results of the experiments were worked out using
the analysis of variance for two-factorial experiments. The differences between means
were verified by Tukey’s test at the significance level of o = 0.05.

Results and discussion

Selected properties of compost components and of prepared compost after 7 months
of composting process are given in Table 1.

Table 1

Selected properties of components used for compost production and of prepared compost
after 7 months of composting process

Total content
Dry mat- pH Organic C
Component ter . N ‘ P ‘ K ‘ Ca ‘ Mg
in H,O
[%] i
[g-kg dm]

Potato pulp 13.51 4.5 6.60 2.96 11.50 6.32 1.04 102
Straw 86.05 — 4.65 3.85 7.41 0.90 0.21 254
Compost 21.80 5.6 6.56 2.50 11.40 1.96 0.89 250

It was found that potato pulp contained more N, K, Ca and Mg than straw. However,
straw was characterized by higher total content of P and organic C and over 6.5 times
higher content of dry matter than potato pulp. After 7 months of composting process
compost containing 70 % potato pulp and 30 % rye straw contained 21.80 % dry matter
and was characterized by pH 5.6. Compost contained 6.56 g total N, 2.50 g total P and
11.40 g total K per 1 kg' d.m. (Table 1).

Selected properties of all media used in both years of studies are given in Table 2.

Evaluated mixtures of compost and sphagnum peat were characterized by higher pH
in the first year of the experiments than in the second (Table 2). In both years an
increase of compost content in media caused a decrease of media pH value and an
increase of its salinity. Salt concentration of media supplemented with compost was
higher in the first year of studies than in the second. Macroelements content (nitrate
nitrogen, phosphorus, potassium) was higher in the first year of experiments than in the
second.

In both years of experiments significant influence of medium on total height and
diameter of plants was shown (Table 3).

In the first year control plants were the highest (18.8 cm), even too high for
horticultural production and of the greatest diameter (24.3 cm) (Table 3). Plants
cultivated in mixtures containing 20 and 40 % compost were more compact and
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Table 2
Selected properties of media used in the experiments before seedlings planting
_ ini NO;-N ‘ P ‘ K ‘ Ca ‘ Mg
Medium iinI;IzO (g T\Isz;zl:l]n~lt(i,m"3 ] [mg - dm ]

2005
1 6.9 0.39 52 22 49 2353 318
2 6.3 3.61 237 189 255 2312 320
3 5.9 5.26 566 305 355 2299 326
4 5.1 5.28 678 325 607 2237 351

2006
1 6.6 1.31 25 53 60 2683 338
2 5.4 2.95 158 150 210 2361 401
3 5.3 3.68 233 210 256 2410 332
4 4.5 4.12 432 199 353 2119 315

Explanations: 1 — sphagnum peat; 2 — 20 % compost + 80 % sphagnum peat; 3 — 40 % compost + 60 % sphag-

num peat; 4 — 60 % compost + 40 % sphagnum peat.

Table 3
Effects of media containing compost on height and diameter of three cultivars
of Pentas lanceolata
2005 2006
Medium Cultivar (B) Cultivar (B)
A) Graffiti | Graffiti | Graffiti | Mean (A) | Graffiti | Graffiti | Graffiti | Mean (A)
Pink Violet White Pink Violet White
Height [cm]
1 18.0 18.9 19.5 18.8 214 20.8 20.4 20.9
2 14.0 16.0 17.4 15.8 20.9 20.7 20.5 20.7
3 15.2 16.0 17.2 16.1 20.0 20.0 19.8 19.9
4 12.1 14.0 13.0 13.0 19.4 17.9 19.2 18.8
Mean (B) 14.8 16.2 16.8 20.4 19.9 20.0
A-0.93;B-0.73; ) AR
LSDy s A(B) — 1.60; B(A) — 1.46 A-137,B-ns.;A-B-ns.
Plant diameter [cm]
1 24.6 25.6 22.8 243 244 252 234 243
2 18.7 15.1 16.0 16.6 23.6 234 23.0 23.3
3 18.0 15.0 15.7 16.2 23.0 22.8 21.2 22.3
4 15.6 11.6 14.0 13.7 19.2 19.0 16.6 18.3
Mean (B) 19.2 16.8 17.1 22.6 22.6 21.1
A —1.66;B-1.30; . AR
LSDy .05 A(B) - 2.87: B(A) —2.61 A—-144;B-1.13; A-B—ns.

Explanations: 1 — sphagnum peat supplemented with 5 g - dm™ Osmocote Exact 3-4 Standard; 2 — 20 % com-
post + 80 % sphagnum peat; 3 — 40 % compost + 60 % sphagnum peat; 4 — 60 % compost + 40 % sphagnum
peat; n.s. — not significant difference.
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proportional than control plants. They were on the average by 18 % lower and were
characterized by 48 % smaller diameter than control plants. Whereas, plants cultivated
in medium containing 60 % compost were the smallest. They were only of 13.0 cm
height and of 13.7 cm diameter.

In the second year of experiments, similarly to the first year, control plants were too
high (20.9 cm) and of the greatest diameter (24.3 cm) however, plants cultivated in
medium supplemented with 60 % compost were too small. It was probably caused by
high salt concentration in media supplemented with compost. Plants growth inhibition
caused by media salinity was also often observed on many species [12]. Jaleel et al [13]
observed it on Catharanthus roseus and Turhan et al [14] on Helianthus annuus. Lee
and van lersel [15] are of the opinion that salinity has a potential to act as a growth
regulator in chrysanthemum cultivation because of its ability to reduce plant height with
only a small reduction in shoot dry weight.

Results of these experiments are conformable with results of Placek et al [16] that
garden pansies cultivated in media supplemented with composts (also containing potato
pulp and straw) are characterized by smaller diameter, but their growth and con-
formation are proper. In both years of these experiments plants cultivated in mixtures of
20 % compost and 80 % sphagnum peat were lower and of smaller diameter than
control plants, but they were characterized by higher decorative value. They were
compact, well-formed and of proportional conformation. No overcolouring or deforma-
tion of leaves were found.

In the first year of studies among three examined cultivars of Pentas lanceolata
‘Graffiti Violet F;’ and ‘Graffiti White F;” were by 12 % higher and by 13 % less
branchy than ‘Graffiti Pink F,’. In the second year of experiments evaluated cultivars
did not differ in total height of plants. Plants ‘Graffiti Pink F,” and ‘Graffiti Violet F;’
were characterized by 7 % greater diameter than plants ‘Graffiti White F,’.

In the first year of studies significant influence of medium on the greenness index of
leaves was shown (Table 4). Leaves of plants cultivated in media containing compost,
especially in quantity of 20 %, were darker than leaves of control plants. They were
characterized by the highest greenness index of leaves (51.5). Greenness index of leaves
of control plants was the lowest and amounted to 49.0. No significant influence of
medium on greenness index of leaves in the second year of studies was found.

Among examined cultivars of Pentas lanceolata ‘Graffiti Pink F,” was characterized
by the highest greenness index of leaves in both years of experiments (53.8 and 52.2,
respectively).

According to Martin et al [17], who examined some species of ornamental shrubs,
greenness index of leaves indicates nitrogen content in leaves. In these experiments
media supplemented with compost were characterized by high content of nitrogen and
probably that was why plants cultivated in these media were characterized by high
greenness index of leaves.

In both years of studies number of inflorescences depended significantly on medium
(Table 4). In the first year of experiments control plants were characterized by the
greatest number of inflorescences (8.8). Plants cultivated in medium containing 20 %
compost had by 26 % less inflorescences than control plants. Plants cultivated in media
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supplemented with 40 or 60 % compost had over twice less inflorescences than plants in
the control object. In the second year of studies control plants and those cultivated in
medium containing 20 % compost flowered the most abundantly (had 9.5 and 8.7
inflorescences, respectively). Plants cultivated in mixture of 60 % compost and 40 %
sphagnum peat flowered poorly and had on average only 4.2 inflorescences. Results of
these experiments are unconformable with results of experiments conducted by Placek
et al [18] where garden pansies cultivated in media containing composts supplemented
with potato pulp and straw blossomed more abundantly than control plants, cultivated in
sphagnum peat. Flowers of pansies cultivated in mixtures of composts and sphagnum
peat were often characterized by greater diameter than control plants.

Table 4

Effects of media containing compost on greenness index of leaves and number of inflorescences
of three cultivars of Pentas lanceolata

2005 2006
Medium Cultivar (B) Cultivar (B)
®) Graffiti | Graffiti | Graffiti | M€ (A) | Graffiti | Graffiti | Graffiti | Mean(A)
Pink Violet White Pink Violet White
Greenness index of leaves (SPAD)
1 50.4 49.1 474 49.0 51.7 49.9 48.0 49.9
2 56.0 523 54.5 54.3 52.5 51.2 50.7 51.5
3 54.7 46.3 53.4 51.5 52.4 50.0 50.5 51.0
4 54.0 44.4 51.2 49.9 52.1 49.5 49.8 50.5
Mean (B) 53.8 48.0 51.6 52.2 50.2 49.8
LSDoos A(S:ig?ig(’;)'f‘gzg A-ns;B-131;A-B-ns.
Number of inflorescences
1 9.0 9.2 8.2 8.8 9.8 10.2 8.6 9.5
2 6.8 8.0 6.2 7.0 9.2 9.8 7.2 8.7
3 32 5.0 4.6 43 7.4 5.0 7.2 6.5
4 5.0 2.0 3.0 33 4.2 4.0 4.4 4.2
Mean (B) 6.0 6.1 5.5 7.7 7.3 6.9
LSDy s N A— 1.44.; B-ns.; A—1.13.; B-ns.;
(B)-2.49; B (A)-2.26 A(B)-1.96; B(A) - 1.78

Explanations: see Table 3.

According to Krzywy-Gawronska [19] potato pulp can be used as a component of
composts with structure-forming materials, for example with rye straw. On the basis of
the obtained results and chemical analyses of media used in these experiments (Tables
2-4) it was found that medium supplemented with 20 % compost was the most
favorable for Pentas lanceolata. Media containing 40 % and 60 % compost were
characterized by too high macroelements content, especially nitrogen, for Egyptian star
cluster. These media were also characterized by concentration of salt which Strojny [20]
finds too high or even harmful for plants.
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Conclusions

1. Media containing 20 % compost and 80 % sphagnum peat are the most favorable
for Egyptian star cluster. Plants cultivated in such media are well-formed, compact,
blossom abundantly and are characterized by high greenness index of leaves.

2. Media with addition of 40 or 60 % compost are characterized by too high
macroelements content and by too high salinity for Pentas lanceolata grow. Plants
cultivated in such media are small and blossom poorly, even though are characterized
by high greenness index of leaves.
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ZASTOSOWANIE PODLOZY WZBOGACONYCH W KOMPOST
ZAWIERAJACY WYCIERKE ZIEMNIACZANA W UPRAWIE PIATAKA LANCETOWATEGO
(Pentas lanceolata (Forssk.) Deflers)

Katedra Ogrodnictwa, Pracownia Roslin Ozdobnych
Zachodniopomorski Uniwersytet Technologiczny w Szczecinie

Abstrakt: W latach 2005-2006 przeprowadzono dwa doswiadczenia, ktérych celem bylo zbadanie, czy
podtoza z dodatkiem 20, 40 lub 60 % kompostu zawierajacego 70 % wycierki ziemniaczanej i 30 % stomy
zytniej moga by¢ stosowane w uprawie trzech odmian pigtaka lancetowatego. W doswiadczeniu I zasto-
sowano kompost po 7 miesigcach kompostowania, a w doswiadczeniu II kompost po 19 miesigcach
kompostowania.
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Stwierdzono, ze mieszanki 20 % kompostu i 80 % torfu wysokiego moga by¢ polecane do uprawy piataka
lancetowatego. Rosliny uprawiane w takich podtozach byty zdrowe, prawidtowo uformowane i kwitly obficie.
Podtoza zawierajace 40 i 60 % kompostu charakteryzowaly si¢ zbyt duza zawartoscia makroelementow i zbyt
duzym zasoleniem. Rosliny uprawiane w tych podfozach byly niewielkie i kwitly stabo.

Stowa kluczowe: Pentas lanceolata, kompost, wycierka ziemniaczana, uprawa
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Invitation for ECOpole 11 Conference

CHEMICAL SUBSTANCES IN ENVIRONMENT

We have the honour to invite you to take part in the 20th annual Central European
Conference ECOpole ’11, which will be held in 12-15 X 2011 (Thursday—Saturday) at
the Conference Center “Rzemieslnik” in Zakopane, PL.

The Conference Programme includes oral presentations and posters and will be
divided into five sections:

— SI Chemical Pollution of Natural Environment and Its Monitoring

— SII Environment Friendly Production and Use of Energy

— SIHI Risk, Crisis and Security Management

— SIV Forum of Young Scientists and Environmental Education in Chemistry

— SV Impact of Environment Pollution on Food and Human Health

The Conference language is English.

Contributions to the Conference will be published as:

— abstracts on the CD-ROM (0.5 page of A4 paper sheet format)

— extended Abstracts (4—6 pages) in the semi-annual journal Proceedings of ECOpole

— full papers will be published in successive issues of the Ecological Chemistry and

Engineering/Chemia i InZynieria Ekologiczna (Ecol. Chem. Eng.) ser. A or S.

Additional information one could find on the Conference website:
ecopole.uni.opole.pl

The deadline for sending the Abstracts is 15.07.2011 and for the Extended Abstracts:
1.10.2011. The actualised list (and the Abstracts) of the Conference contributions
accepted for presentation by the Scientific Board, one can find (starting from
15.07.2011) on the Conference website.

The papers must be prepared according to the Guide for Authors on Submission of
Manuscripts to the Journals.



160 Varia

At the Reception Desk each participant will obtain a CD-ROM with abstracts of the
Conference contributions as well as Conference Programme (the Programme will be
also published on this site).

Further information is available from:

Prof. dr hab. Maria Wactawek

Chairperson of the Organising Committee

of ECOpole 11 Conference

University of Opole

email: Maria.Waclawek@o02.pl

and mrajfur@o2.pl

phone +48 77 455 91 49 and +48 77 401 60 42
fax +48 77 401 60 51



Zapraszamy
do udzialu w Srodkowoeuropejskiej Konferencji
ECOpole 11
w dniach 12-15 X 2011

SUBSTANCJE CHEMICZNE
W SRODOWISKU PRZYRODNICZYM

Bedzie to dziewigtnasta z rzgdu konferencja po$wigcona badaniom podstawowym
oraz dziataniom praktycznym dotyczaca réznych aspektéw ochrony srodowiska przy-
rodniczego. Odbedzie si¢ ona w Osrodku Konferencyjno-Wypoczynkowym ,,Rze-
mieslnik” w Zakopanem.

Doroczne konferencje ECOpole majg charakter migdzynarodowy i za takie sg uznane
przez Ministerstwo Nauki i Szkolnictwa Wyzszego.

Obrady konferencji ECOpole *11 beda zgrupowane w pigciu sekcjach:

— SI Chemiczne substancje w §rodowisku przyrodniczym oraz ich monitoring

— SII Odnawialne zrodla energii i jej oszczgdne pozyskiwanie oraz uzytkowanie
SIII Zarzadzanie $rodowiskiem w warunkach kryzysowych
— SIV Forum Mtodych (FM) i Edukacja prosrodowiskowa
— SV Wplyw zanieczyszczen srodowiska oraz zywnosci na zdrowie ludzi.

Materialy konferencyjne beda opublikowane w postaci:

— abstraktow (0,5 strony formatu A4) na CD-ROM-ie;

— rozszerzonych streszczen o objgtosci 4-6 stron w potroczniku Proceedings of
ECOpole;

— artykulow: w abstraktowanych czasopismach: Ecological Chemistry and Engineer-
ing/Chemia i InZynieria Ekologiczna (Ecol. Chem. Eng.) ser. A 1 S oraz niektorych
w potroczniku Chemia — Dydaktyka — Ekologia — Metrologia.

Termin nadsylania angielskiego i polskiego streszczenia o objetosci 0,5-1,0

strony (wersja cyfrowa + wydruk) planowanych wystapien uplywa w dniu 15 lipca
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2011 r. Lista prac zakwalifikowanych przez Rad¢ Naukowa Konferencji do prezentacji
bedzie sukcesywnie publikowana od 15 lipca 2011 r. na stronie webowej

ecopole.uni.opole.pl

Aby praca (dotyczy to takze streszczenia, ktore powinno mie¢ tytut w jezyku polskim
i angielskim, stowa kluczowe w obydwu jezykach) przedstawiona w czasie konferencji
mogta by¢ opublikowana, jej tekst winien by¢ przygotowany zgodnie z wymagania-
mi stawianymi artykutom drukowanym w czasopismach Ecological Chemistry and
Engineering ser. A oraz S, ktore jest dostepne w wielu bibliotekach naukowych w Pol-
sce 1 za granica. Sa one takie same dla prac drukowanych w pétroczniku Chemia — Dy-
daktyka — Ekologia — Metrologia. Zalecenia te sa rdwniez umieszczone na stronie we-
bowej konferencji.

Po konferencji zostang wydane 4—6-stronicowe rozszerzone streszczenia wystapien
w poétroczniku Proceedings of ECOpole. Artykuly te winny by¢ przestane do 1 pazdzier-
nika 2011 r. Wszystkie nadsylane prace podlegaja zwyklej procedurze recenzyjne;j.
Wszystkie streszczenia oraz program Konferencji zostang wydane na CD-ROM-ie, ktory
otrzyma kazdy z uczestnikéw podczas rejestracji. Program bedzie takze umieszczony na
stronie webowej Konferencji.

Prof. dr hab. Maria Wactawek
Przewodniczaca Komitetu Organizacyjnego
Konferencji ECOpole 11

Wszelkie uwagi i zapytania mozna kierowac¢ na adres:
Maria.Waclawek@o02.pl

lub mrajfur@o?2.pl

tel. 77 401 60 42 i 77 455 91 49

fax 77 401 60 51



GUIDE FOR AUTHORS
ON SUBMISSION OF MANUSCRIPTS

A digital version of the Manuscript addressed —

Professor Witold Waclawek
Editorial Office of monthly Ecological Chemistry and Engineering
(Ecol. Chem. Eng.)
Uniwersytet Opolski
ul. kard. B. Kominka 4, 45-032 Opole, Poland
Phone +48 77 401 60 42, fax +48 77 401 60 51,
Email — waclawek@uni.opole.pl

should be sent by email to the Editorial Office Secretariat — mrajfur@o2.pl

The Editor assumes, that an author submitting a paper for publication has been autho-
rised to do that. It is understood the paper submitted to be original and unpublished
work, and is not being considered for publication by another journal. After printing, the
copyright of the paper is transferred to Towarzystwo Chemii i Inzynierii Ekologicznej
(Society for Ecological Chemistry and Engineering). In preparation of the manuscript
please follow the general outline of papers published in the most recent issues of Ecol.
Chem. Eng., a sample copy can be sent, if requested.

Papers submitted are supposed to be written in English language and should include
a summary and keywords, if possible also in Polish language. If not then the Polish
summary and keywords will be provided by the Editorial Office. All authors are re-
quested to inform of their current addresses, phone and fax numbers and their email
addresses.

It is urged to follow the units recommended by the Systéme Internationale d’Unites
(SI). Graph axis labels and table captions must include the quantity units. The use of the
following commonly applied expressions is recommended: mass — m/kg, time — t/s or
t/min, current intensity — I/A; thermodynamic temperature — T/K, Celsius scale tempera-
ture — t/°C or 6/°C (if both time and Celsius scale units need to be used, the symbol
0/°C for temperature is to be taken) etc.

Symbols recommended by the International Union of Pure and Applied Chemistry
(Pure and Appl. Chem., 1979, 51, 1-41) are to be followed.

Graphics (drawings, plots) should also be supplied in the form of digital vector —
type files, e.g. Corel-Draw, Grapher for Windows or at least in a bitmap format
(TIF, PCK, BMP). In the case of any query please feel free to contact with the Editorial
Office.
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Footnotes, tables and graphs should be prepared as separate files.

References cited chronologically should follow the examples given below:

[1] Kowalski J. and Malinowski A.: Polish J. Chem. 1990, 40(3), 2080-2085.

[2] Nowak S: Chemia nieorganiczna, WNT, Warszawa 1990.

[3] Bruns I., Sutter K., Neumann D. and Krauss G.-J.: Glutathione accumulation —
a specific response of mosses to heavy metal stress, [in:] Sulfur Nutrition and Sulfur
Assimilation in Higher Plants, P. Haupt (ed.), Bern, Switzerland 2000, 389-391.

Journal titles should preferably follow the Chem. Abst. Service recommended abbre-
viations.

Receipt of a paper submitted for publication will be acknowledged by email. If no
acknowledgement has been received, please check it with the Editorial Office by email,
fax, letter or phone.



ZALECENIA DOTYCZACE PRZYGOTOWANIA
MANUSKRYPTOW

Praca przeznaczona do druku w miesi¢czniku Ecological Chemistry and Engineering
A/Chemia i Inzynieria Ekologiczna A powinna by¢ przestana na adres Redakc;ji:

Profesor Witold Wactawek
Redakcja Ecological Chemistry and Engineering
Uniwersytet Opolski
ul. kard. B. Kominka 4, 45-032 Opole
tel. 077 401 60 42, fax 077 401 60 51
email: waclawek@uni.opole.pl

w postaci cyfrowej w formacie Microsoft Word (ver. 7.0 dla Windows) emailem
(mrajfur@o2.pl) Iub na dyskietce.

Redakcja przyjmuje, ze przesytajac artykut do druku autor w ten sposdb oswiadcza,
ze jest upowazniony do tego oraz zapewnia, ze artykul ten jest oryginalny i nie byt
wczesniej drukowany gdzie indziej i nie jest wystany do druku gdzie indziej oraz, ze po
jego wydrukowaniu copyright do tego artykulu uzyskuje Towarzystwo Chemii i Inzy-
nierii Ekologiczne;.

W przygotowaniu manuskryptu nalezy przede wszystkim wzorowa¢ si¢ na postaci
najnowszych artykuldw opublikowanych w Ecological Chemistry and Engineering, na
przyktad zamieszczanych na stronie webowej Towarzystwa:

http://tchie.uni.opole.pl/

Prace przesytane do publikacji winny by¢ napisane w jezyku angielskim oraz zaopa-
trzone w streszczenia oraz stlowa kluczowe w jezyku angielskim oraz polskim.

Zalecamy, azeby artykut zawieral adresy i emaile oraz numery telefondéw i faksow
wszystkich autoréw danej pracy, szczegdlnie gtoéwnego autora, ktérego nazwisko wy-
rézniamy gwiazdka.

Usilnie prosimy o stosowanie uktadu jednostek SI. Zwracamy uwagg, ze osie wykre-
sow oraz gtowki tabel powinny bezwzglednie zawieraé jednostki stosownej wielkoscei.
Polecamy symbolik¢ zalecang przez PTChem (Symbole i terminologia wielkosci i jed-
nostek stosowanych w chemii fizycznej, Ossolineum, Wroctaw 1989; Pure Appl. Chem.
1979, 51, 1-41). Materiat graficzny (rysunki, wykresy), obok wersji na papierze, powi-
nien réowniez by¢ dostarczony w postaci cyfrowych plikow wektorowych, np. za po-
mocg programu: CorelDraw wersja 3.0-8.0, Grafer dla Windows lub przynajmniej bito-
we (TIF, PCX, BMP). W przypadku trudnosci z wypehieniem tego warunku Redakcja
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zapewnia odptatne wykonanie materiatu graficznego na podstawie dostarczonego szki-
cu, blizsze informacje mozna uzyska¢ telefonicznie 077 401 60 42.

Przypisy 1 tabele podobnie jak rysunki zapisujemy jako osobne pliki.

Literatur¢ prosimy zamieszcza¢ wg ponizszych przykltadow:

[1] Kowalski J. and Malinowski A.: Polish J. Chem. 1990, 40, 2080-2085.

[2] Nowak S.: Chemia nieorganiczna, WNT, Warszawa 1990.

[3] Bruns I., Sutter K., Neumann D. and Krauss G.-J.: Glutathione accumulation —
a specific response of mosses to heavy metal stress, [in:] Sulfur Nutrition and Sulfur
Assimilation in Higher Plants, P. Haupt (ed.), Bern, Switzerland 2000, 389-391.

Tytuly czasopism nalezy skracaé¢ zgodnie z zasadami przyjetymi przez amerykanska
Chemical Abstracts Service. Autor moze, jezeli uwaza to za wskazane, podawaé tez
tytut cytowanych artykutdow z czasopism, ktory bedzie sktadany kursywa oraz numer
zeszytu danego woluminu (w nawiasie, po numerze woluminu).

Redakcja potwierdza emailem otrzymanie artykutu do druku. W przypadku braku
potwierdzenia prosimy o interwencj¢: emailem, faksem, listem lub telefonicznie.
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